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Logical therapy because essential hyper- 
tension is usually characterized by elevated 
peripheral resistance with normal cardiac 
output. ALDOMET lowers blood pressure 
apparently by lowering peripheral resistance — 
while cardiac output is usually maintained. 


Appropriate for all degrees 

of hypertension when drug 

therapy is required 

Highly effective in mild, moderate, or severe 
hypertension, ALDOMET (Methyldopa, MSD) 
is useful when there has been an inadequate 
response to initial thiazide therapy, or as initial 
.. therapy when thiazides are deemed inappro- 
` priate or contraindicated (for example, when 
hypersensitivity to sulfonamide-derived 
drugs exists). 
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Appropriate for many 
hypertensive patients 
requiring special 
consideration 


* hypertensive patients with renal impair- 
ment — ALDOMET usually does not 
reduce glomerular filtration rate, renal 
blood flow, or filtration fraction 
(Methyldopa is largely excreted by the 
kidney, and patients with impaired renal 
function may respond to smaller doses.) 
* hypertensive children requiring drug 
therapy (See pediatric dosage recom- 
mendations in the addendum on the last 
page of this advertisement.) 
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Not contraindicated in the 
following coexisting conditions 

in which some other antihyper- 
tensives are contraindicated 

* congestive heart failure (Edema may occur 
with ALDOMET. This is usually relieved by , 
the use of a diuretic, but if edema progresses 
methyldopa should be discontinued.) 

* coronary artery disease (Aggravation of 
angina pectoris may occur with ALDOMET.) 
» mitral valvular rheumatic heart disease 

* bronchial asthma 

» allergic rhinitis during the pollen season 

* greater than first-degree heart block 

* active peptic ulcer 

e ulcerative colitis 
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Therapeutic limitations 

ALDOMET is contraindicated in active hepatic 
disease, hypersensitivity to the drug, and 

if previous methyldopa therapy has been 
associated with liver disorders. 

It is important to recognize that a positive 
Coombs test, hemolytic anemia, and liver dis- 
orders may occur with methyldopa therapy. 
The rare occurrences of hemolytic anemia or 
liver disorders could lead to potentially fatal 
complications unless properly recognized and 
managed. For more details, please see the 
brief summary of prescribing information. 


TABLETS: 500 mg, 250 mg, and 125 mg 


For a brief summary of prescribing information, please see following page. 




























































E therapy for the vast majority 
. of hypertensives who need more 
b - or other therapy than a thiazide 


% 
— Contraindications: Active hepatic disease, such as 

E E icute hepatitis and active cirrhosis; if .previous 
ES yldopa therapy has been associated with liver 
E lisorders (see Warnings); hypersensitivity. 

o Wa ings: It is important to recognize that a 
itive Coombs test, hemolytic anemia, and 
- liver disorders may occur with methyldopa 
therapy. The rare occurrences of hemolytic 
omms or liver disorders could lead to poten- 

ally fatal complications unless properly recog- 

d ang managed. Read this section carefully 
s understand these reactions. 
th prolonged methyldopa therapy, 10% to 20% of pa- 
S develop a positive direct Coombs test, usually 
n 6 and 12 months of therapy. Lowest incidence 
at daily dosage of 1 g or less. This on rare occasions 
May be associated with hemolytic anemia, which 
P» uld lead to potentially fatal complications. One can- 
Et which patients with a positive direct 

;00mbs test may develop hemolytic anemia. Prior ex- 
ence or development of a positive direct Coombs 
| “te | is not in itself a contraindication to use of 
othyldopa. If a positive Coombs test develops during 

xil methyldopa therapy, determine whether hemolytic 
- anemia exists and whether the positive Coombs test 
es (m ay be a problem. For example, in addition to a posi- 
e tive direct Coombs test there is less often a positive in- 
E direct Coombs test which may interfere with cross 
$37 atching of blood. 

At the start of methyldopa therapy, it is desirable to do 
a blood count (hematocrit, hemoglobin, or red cell 
coun for a baseline or to establish whether there is 
emia. Periodic blood counts should be done during 
herapy to detect hemolytic anemia. It may be useful 
E direct Coombs test before therapy and at 6 and 
E. 2 m onths after the start of therapy. If Coombs-posi- 
hemolytic anemia occurs, the cause may be 
‘methyldopa and the drug should be discontinued. 
E: Usually the anemia remits promptly. If not, cor- 
M sosteroids may be given and other causes of anemia 
- should be considered. If the hemolytic anemia is re- 
- lated to methyldopa, the drug should not be 
I  reinstituted. When methyldopa causes Coombs 
A - positivity alone or with hemolytic anemia, the red cell 
is usually coated with gamme globulin of the IgG 

- (gamma G) class only. The positive Coombs test may 
y “not revert to norma! until weeks to months after 
Ef nethyldopa is stopped. 
ould the need for transfusion arise in a patient 
y Ein methyldopa, both a cirect and an indirect 
- Coombs test should be performed on his blood. In the 
—— absence of hemolytic anemia, usually only the direct 

a e iombs test will be positive. A positive direct Coombs 
= test alone will not interfere with typing or cross 
- matching. If the indirect Coombs test is also positive, 
-= problems may arise in the major cross match and the 
- assistance of a hematologist or transfusion expert will 
-.. be needed. 

-. Fever has occurred within first 3 weeks of therapy, oc- 
= -casionally with eosinophilia or abnormalities in liver 
— function tests, such as serum alkaline phosphatase, 
— serum transaminases (SGOT, SGPT), bilirubin, ceph- 
alin cholesterol flocculation, prothrombin time, and 
- -bromsulphalein retention. Jaundice, with or without 


P - months of therapy. In some patients the findings are 
. consistent with those of cholestasis. Rarely fatal 
f hepatic necrosis has been reported. These hepatic 
. changes may represent hypersensitivity reactions; 
-. periodic determination of hepatic function should be 

done particularly during the first 6 to 12 weeks of 

therapy or whenever an unexplained fever occurs. If 
.. fever and abnormalities in liver function tests or jaun- 
.. dice appear, stop therapy with methyldopa. If caused 
.. by methyldopa, the temperature and abnormalities in 
` liver function characteristically have .reverted to 
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- normal when the drug Was. discontinue det! yl- | 


dopa should not be reinetituted i in such pati ents. 
Rarely, a reversible reduction of the white blood cell 
count with primary effect on granulocytes has been 
seen. Reversible thrombocytopenia has occurred 
rarely. When used with other antihypertensive drugs, 
potentiation of antihypertensive effect may occur. Pa- 
tients should be followed carefully to detect side reac- 
tions or unusual manifestations of drug idiosyncrasy. 
Pregnancy and Nursing: Use of any drug in women 
who are or may become pregnant or intend to nurse re- 
quires that anticipated benefits be weighed against 
possible risks; possibility of fetal injury or injury to a 
nursing infant cannot be excluded. Methyldopa 
crosses the placental barrier, appears in cord blood, 
and appears in breast milk. 

Precautions: Should be used with caution in pa- 
tients with history of previous liver disease or dys- 
function (see Warnings). May interfere with measure- 


ment of: urinary uric acid by the phosphotungstate - 
method, serum creatinine by the alkaline picrate - 


method, and SGOT by colorimetric methods. Since 
methyldopa causes fluorescence in urine samples at 
the same wavelengths as catecholamines, falsely high 
levels of urinary catecholamines may be reported. 
This will interfere with the diagnosis of pheochromo- 
cytoma. It is important to recognize this phenomenon 
before a patient with a possible pheochromocytoma is 
subjected to surgery. Methyldopa is not recommended 
for patients with pheochromocytoma. Urine exposed to 
air after voiding may darken because of breakdown of 
methyldopa or its metabolites. 
Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral! cerebrovascular 
disease. Patients may require reduced doses of 
anesthetics; hypotension occurring during anesthesia 
usually can be controlled with vasopressors. Hyper- 
tension has recurred after dialysis in patients on 
methyldopa because the drug is removed by this 
procedure. 
Adverse Reactions: Centra/ nervous system: Seda- 
tion, headache, asthenia or weakness, usually early 
and transient; dizziness, lightheadedness, symptoms 
of cerebrovascular insufficiency, paresthesias, parkin- 
sonism, Bell's palsy, decreased mental acuity, involun- 
tary choreoathetotic movements; psychic distur- 
bances, including nightmares and reversible mild psy- 
choses or depression. 
Cardiovascular: Bradycardia, aggravation of angina 
pectoris. Orthostatic hypotension (decrease daily 
dosage). Edema (and weight gain) usually relieved by 
use of a diuretic. (Discontinue methyldopa if edema 
progresses or signs of heart failure appear.) 
Gastrointestinal: Nausea, vomiting, distention, con- 
stipation, flatus, diarrhea, mild dryness of mouth, sore 
or "black" tongue, pancreatitis, sialadenitis. 
Hepatic: Abnormal liver function tests, jaundice, liver 
disorders. 
Hematologic: Positive Coombs test, hemolytic anemia. 
Leukopenia, granulocytopenia, thrombocytopenia. 
Positive tests for antinuclear antibody, LE cells, and 
rheumatoid factor. 
Allergic: Drug-related fever, Iupus-like syndrome, 
myocarditis. 
Other: Nasal stuffiness, rise in BUN, breast enlarge- 
ment, gynecomastia, lactation, impotence, decreased 
libido, dermatologic reactions including eczema and 
lichenoid eruptions, mild arthralgia, myalgia. 
Note: Initial adult dosage should be limited to 500 mg 
daily when given with antihypertensives other than 
thiazides. Tolerance may occur, usually between sec- 
ond and third months of therapy; increased dosage or 
adding a diuretic frequently restores effective control. 
Patients with impaired renal function may respond to 
smaller doses. Syncope in older patients may be re- 
lated to increased sensitivity and advanced ar- 
teriosclerotic vascular disease; this may be avoided 
by lower doses. 
How Supplied: Tablets, containing 125 mg 
methyldopa each, in bottles of 100; Tablets, containing 
250 mg methyldopa each, in single-unit packages of 
100 and bottles of 100 and 1000; Tablets, containing 
500 mg methyldopa each, in single-unit packages of 
100 and bottles of 100 and 500. 
For more detailed information, consult your MSD 
representative or see full prescribing information. 
erck Sharp & Dohme, Division of Merck & Co., Inc., 
West Point Pa. 19486 J8AM17(709) 





DOSAGE 
INFORMATION ON 
ALDOMET* 

(Methyldopa MSD) 


Adults 

initiating therapy 

» 250 mg b.i.d. or t.i.d. the first 
48 hours 

* increase or decrease, preferably 
at intervals of not less than two 
days, until response is adequate 

» start dosage increases in the 
evening to minimize sedation 

» adjusting dosage may prevent 
morning hypotension without 
losing control of afternoon blood 
pressure 

» when ALDOMET- is added, the 
dosage of thiazides need not 
be changed 

* when given with antihyperten- 
sives other than thiazides, the 
dose of these agents may have tc 
be adjusted and the starting 
dosage of ALDOMET should be 
limited to 500 mg daily in 
divided doses 

maintaining therapy 

» usually 500 mg to 2.0 g daily in 
two to four doses 

« maximum recommended daily 
dose is 3.0g 

« if effective control of blood 
pressure cannot be maintained 
on 2.0 g methyldopa daily 
and a thiazide is not already part 
of the regimen, a thiazide 
shculd be added 

e occasional tolerance may occur, 
usually between the second and 
third month of therapy; adding 
a diuretic or increasing the 
dosage of ALDOMET frequently 
restores effective control 

» patients with impaired renal 
function may respond to lower 
doses; syncope in older patients 
may be related to an increased 
sensitivity and advanced arterio- 
sclerotic vascular disease and 
may be avoided by lower doses 


Children 

- initial dosage is based on 
10 mg/kg of body weight daily 
in two to four doses 

- increase or decrease daily dosage 
unti! adequate response is 
achieved 

* maximum dosage is 65 mg/kg 
or 3.0 g daily, whichever is less 
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eof Holland’ | 
reatest discoveries came 
froma medical genius. — — 


Not to mention 
agreat baritone. . PE 


In time, he might well have become one of the finest vocal 
virtuosos in all of Europe. 

But Karel Frederick Wenckebach heard the beat of a 
different drum. Medicine. 

And with the help of his exceptional sense of musical 
rhythms, went on to unravel the mysteries of arrhythmia. 

Of course, great music isn't performed haphazardly. It 
takes a systematic approach. And so did Wenckebach's 
discoveries. 

Today, Vitatron is just as dedicated to the principles of a 
systematic approach to cardiac pacing. 

For instance, our new 4000 Series pulse generators, 
the smallest and lightest in our history. Extremely low current 
drain. And all-titanium, no epoxy construction. 

V Then there's our progressive electrode designs. Like 
Helifix.* It actually lets you twist its unique helical coil into the 
trabeculae for positive, secure fixation. 

The Vitatron non-invasive analyzer lets you measure all 
important pulse parameters, including relative stimulation 
threshold. Quickly. Accurately. 

An incredibly sophisticated testing instrument, our new 
Vitatest lets you make intracardial measurements like stimula- 
tion threshold and QRS strength. With uncanny accuracy. 

Finally, there's our MEP 300 external pacer. A remark- 
able pulse generator for asynchronous pacing, on-demand and 4 
R-wave synchronous pacing. It’s quick, simple, highly reliable E 
and amazingly stable. 

A totally systematic approach. It works in music. It 
works in pacing. At Vitatron, we are committed to the system 
approach. Because, above all, we know it can work for you. 

For a brochure explaining the Vitatron pacing system 
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.. concept, write Vitatron Medical, Inc., One Gateway Center, . - 

g Newton, MA 02158. In Europe: Vitatron Medical b.v., P.O. WA Vitatron Medical 1 

Box 76, Kanaalweg 24, Dieren, The Netherlands. Wy 

*Patent No. 4,026,303 v 3 

(C) 1978 Vitatron Medical, Inc. k, 
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WHEN CONSERVATION OF 
POTASSIUM IS DESIRED 
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A LOGICAL ADJUNCT TO FUROSEMIDE 
IN CARDIAC EDEMA 
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.* In a study of 30 cardiac patients (10 as controls, 20 receiving 
furosemide), ‘Dyrenium’ (200 mg./day) was added to 10-0f the 
treated patients. After at least 10 daysonthecombined — 
regimen, mean plasma potassium was significantly increased — — 
from pre-'Dyrenium' levels of 3.85 mEq Al. (+.12)t0 4.54 | bos 
mEq./l. (27.12). Any K+ supplements were discontinued.’ "à 
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‘Dyrenium’ Has 
an Additive Effect. — — 


When used with another diuretic, initial — 
dosage of both agents should usually be 
reduced; careful supervision and dosage 
adjustment are required. K* supple- 

ments should be discontinued and not 
reinstituted unless hypokalemia 

develops or dietary K+ intake is 

markedly reduced. K+ supple- 

-= ments are contraindicated when 
"Dyrenium' is used alone. Hyper- 
kalemia can occur, but it is rare 
when renal function is normal. 

Serum Kt and BUN should be 
checked regularly (see Warn- 
ings below). 
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1. Donaldson, E.K., et al.: Brit. 
M.J. 1:1254-5 (May 22) 1976. 
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SIK&F CO. 


a SmithKline company 
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Before prescribing, see complete prescribing information in SK&F 
literature or PDR. The following is a brief summary. 
Contraindications: Anuria: Severe or progressive kidney disease or 
dysfunction. Severe hépatic disease. Pre-existing elevated serum potas- 


sium. Hypersensitivity. Continued use in developing hyperkalemia. Do 


not give potassium supplements, either by drug or by diet. 
Warnings: Observe regularly for possible blood dyscrasias, liver damage 
or other idiosyncratic reactions. Check BUN and serum potassium 


"cem eh’ periodically, especially in the elderly, diabetics, and those with suspected 
Lp rr or confirmed renal insufficiency. Use in pregnancy requires weighing 


anticipated benefits against possible hazards to the fetus, including adverse 
reactions which have occurred in the adult. Triamterene may appear 

in breast milk. If its use is essential, the patient should stop 

nursing. 

‘Dyrenium’ and spironolactone are not usually 

used concurrently; if they are, however, 
frequent serum potassium determi- 

nations are required. 


Precautions: If hyper- 
kalemia develops, withdraw 
the drug. The following may 
also occur: electrolyte imbal- 
ance, low-salt syndrome (with 
low salt intake), reversible mild 
nitrogen retention, decreasing 
alkali reserve with possible 
metabolic acidosis. Triamterene is a 
weak folic acid antagonist. Do 
periodic hematologic studies in 
cirrhotics with splenomegaly. Con- 
comitant use with antihypertensive 
drugs may result in an additive hypo- 
tensive effect. When 'Dyrenium' is to be 
discontinued after intensive or prolonged 
therapy, withdraw gradually because of 
possible rebound kaliuresis. 
Adverse Reactions: Diarrhea, nausea and 
vomiting (may indicate electrolyte imbal- 
ance), other gastrointestinal disturbances, 
weakness, headache, dry mouth, anaphylaxis, 
photosensitivity, elevated uric acid, rash. 
Note: When combined with another diuretic, 
the initial dosage of each agent should be lower 
than recommended. 
Supplied: 50 and 100 mg. capsules, in bottles 
of 100 and in Single Unit Packages of 100 
(intended for institutional use only). 


SK&F Co. 
Carolina, P.R. 
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How to Keep Up 
with the Most 
Recent Advances 
in Your Specialty 


in the Comfort of Your Home or Office 





This new book is designed for the busy physician who finds it difficult 
to keep up with the growing literature in his profession. Up until now 
the only way this could be done was to attend such conferences as the 
highly acclaimed Update Your Medicine sponsored by New York 
Hospital, Cornell Medical Center. These programs were developed to 
prepare doctors for Recertification despite heavy work loads. 


The 16 Lectures are Presented in Compact 
Workbook Style for Quick Reading and 
Easy Comprehension: 


1. Update Your Endocrinology |: 
Thyroid & Gonad 
2. Update Your Endocrinology II: 
Hypothalamus and Anterior Pituitary 
3. Update Your Cardiology 
4. Update Your Gastroenterology: 
Chronic Active Hepatitis 
5. Update Your Gastroenterology: 
GI Hormones 
6. Nephrology: Renal Physiology and 
Diuretic Therapy 
7. Recent Advances in Cancer 
Chemotherapy 
8. Compendium of Antineoplastic Agents 
9. Update Your Immunology: 
Hypersensitivity States 
10. Update Your Immunology: 
Immunopharmacology of Asthma 
11. Advances in Neurology 
12. Update Your Radiology: Angiography of 
the GI Tract in Managemerit of Acute 
Arterial Bleeding 
13. Update Your Radiology: Sonography of 
the Abdomen 
14. Recent Advances in Diabetes Mellitus 
and Hypoglycemia 
15. Evaluation of the Program by the Reader 
16. Evaluation of the Reader—for the AMA 
Physician's Recognition Award Credits 


AMA Physician's 
Recognition Award 


CORNELL MEDICAL UP- 
DATE | has been ap- 
proved for Category 1 
credit towards the AMA's 
Physician's Recognition 
Award for Continuing Med- 
ical Education. Full details 
on how to apply for credit 
is included with every 
copy. 


Read it for 30 days—FREE 
Use it to check any prob- 
lems which come up in your 
_ practice throughout a full 
month. Then keep the book 
only if you want it for perma- 


nent reference. Otherwise 
simply return it and owe 
nothing. You have nothing to 
lose and a whole world of 
valuable life-saving knowl- 
edge tc gain. Order right 
now! 








Yorke Medical Books 
AJC-1/79 

666 Fifth Ave., New York, NY 10019 f 

YES! Please send me a copy of CORNELL MEDICAL UPDATE 

| at $32.00. | may use the book for 30 days and if not com- 

pletely satisfied, return it for full credit or refund. 

[.] Payment enclosed, publisher pays shipping cost 

[ ] Bill me, plus cost of shipping 

Name 

esol SEE ye ee eal 7 PT 

City Beta. sud oo 

New York State residents add applicable sales tax 

— MX ee ee eee ee ee eee eee eee SEA mo ameo 
A8 is 


e. a 


ALDACTONE® 


(spironolactone) 25 mg. tablets 


WARNING 
Spironolactone has been shown to be a tumorigen in chronic toxicity studies in 


rats (see Warnings). Aldactone should be usec only in those conditions 
described under Indications. Unnecessary use of this drug should be avoided. 





Indications: Diagnosis and treatment of primary hyperaldosteronism. Essential 
hypertension, edema of congestive heart failure and the nephrotic syndrome, when other 
measures are considered inappropriate. Cirrhosis of the liver accompanied bv edema 
and/or ascites. Hypokalemia. 

Contraindications: Anuria, acute renal insufficiency, significant impairment of renal 
function, or hyperkalemia. : 

Warnings: Excessive potassium intake may cause hyperkalemia. Potassium sup- 
plements should not be given with Aldactone. Do not administer concurrently with other 
potassium-sparing diuretics. 

Spironolactone has been shown to be a tumorigen in chronic toxicity studies in rats. In 
one study using 25, 75, and 250 times the usual daily human dose (2 mg./ kg.) there was a 
statistically significant dose-related increase in benign adenomas of the thyroid arx testes. 
In female rats there was a statistically significant increase in malignant mammary tumors at 
the mid-dose only. In male rats there was a dose-related increase in proliferative changes in 
the liver. At the highest dosage level (500 mg./kg.) the range of effects ncluded 
hepatocytomegaly, hyperplastic nodules and hepatocellular carcinoma; the last was not 
statistically significant. 

Precautions: Patients should be carefully evaluated for possible disturbances of fluid 
and electrolyte balance. Hyperkalemia may occur in patients with impaired renal function or 
excessive potassium intake and can cause cardiac irregularities which may »e fatal. 
Hyponatremia may be caused or aggravated, especially when Aldactone is administered in 
combination with other diuretics. Transient elevation of BUN and/or mild acidosis may 
occur. Aldactone potentiates the effect of other diuretics or antihypertensive agents, 
particularly ganglionic blocking agerts: therefore the dosage of such drugs should be 
reduced by at least 50 percent when adding Aldactone. Gynecomastia may develop and in 
rare instances some breast enlargement may persist. Vascular responsiveness to 
norepinephrine may be reduced 

Spironolactone may cross the placental barrier. Use in pregnant women requires that the 
anticipated benefit be weighed against possible hazard to the fetus. Breast feeding should 
be discontinued when Aldactone is being used. 

Adverse Reactions: Gynecomastia is observed not infrequently. Gastrointestinal symp- 
toms including cramping and diarrhea, drowsiness, lethargy, headache, maculopapular or 
erythematous cutaneous eruptions, urticaria, mental confusion, drug fever, ataxia, inability 
to achieve or maintain erection, irregular menses or amenorrhea, postmenopausal 
bleeding, hirsutism and deepening of the voice. Carcinoma of the breast has been reported 
but a cause-and-effect relationship ^as not been established. Adverse reactions are 
usually reversible upon discontinuation of the drug. 

Dosage and Administration 

For primary hyperaldosteronism: 400 mg. daily for three to four weeks (longtest), or 
for four days (short test). For preparation for surgery or for long-term maintenance therapy, 
100 to 400 mg. daily. 

For edema in adults: Initial daily dosage is 100 mg. in divided doses but may range from 
25 to 200 mg. daily. If after five days an adequate diuretic response has not occurred, a 
second diuretic which acts more proximally in the renal tubule may be added. Thedosage 
of Aldactone should remain unchanged when other diuretic therapy is added. 

For edema in children: Initial daily dosage should provide approximately 1.5 mg. per 
pound of body weight (3.3 mg./kg.) in divided doses. 

For essential hypertension: initial adult daily dosage o! 50 to 100 mg. in dividec doses, 
alone or with diuretics which act more proximally in the renal tubule, or with other 
antihypertensive agents. Continue treatment for at least two weeks since maximal 
response may not occur before this time. Adjust subsequent dosage according tc patient 
response. 

or hypokalemia: 25 to 100 mg. daily in divided doses. 


Searle & Co. 
| SEARLE San Juan, Puerto Rico 00936 


Address medical inquiries to: 

G. D. Searle & Co. 

Medical Communications Department 
Box 5110 


Chicago, Illinois 60680 817 


GLUCOSE 


SEARLE 





TAKE A LEAD FROM US... 


ITLL LAST- 
A LIFETIME! 


At Pacesetter, we know that reliability has 
to apply to the pulse generator and the 
lead. That is why we make them both with 
the same attention to uncompromising 
quality and unsurpassed reliability. A tri- 
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resistant alloy makes failure a 
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lead has ever fractured. These 
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Lifetime Replacement Agreement, unique 
in the industry, on pulse generator and 
lead. You see, when we say Pacesetter 
Systems, we mean systems, not just 
products. Why not call us for all of the 
details. You'll find that your Pace- 
setter representative will be 
extremely helpful in leading 
you to the best system for 
each of your patients. 


Pacesetter Systems, Inc. 
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CLINICAL STUDIES 


1 Systematic Correlation of Cardiac Chamber Size and Ventricular Performance Determined With 
Echocardiography and Alterations in Heart Rate in Normal Persons 


ANTHONY N. DeMARIA, ALEXANDER NEUMANN, PETER J. SCHUBART, GARRETT LEE and 
DEAN T. MASON 


Correlating cardiac chamber size and ventricular performance determined with echocardiography and heart rate 
in 25 normal volunteers during right atrial pacing, this study showed that as the heart rate increased, left ventric- 
ular end-diastolic and end-systolic dimensions decreased, mean fiber shortening velocity increased, interven- 
tricular septal and posterobasal wall thickness measured at end-diastole increased, and left atrial dimension di- 
minished but reached a plateau at rates greater than 120 beats/min. These data indicate that heart rate signifi- 
cantly affects cardiac size and provide guidelines as to the approximate changes in cardiac size and perfor- 
mance that may be induced by acute alterations of heart rate in normal subjects. In general, in such subjects left 
ventricular size in diastole and systole will be reduced 3 percent, and velocity of circumferential fiber shortening 
assessed with the echocardiogram increased 5 percent for each 10 beat increment in heart rate. 


10  Noninvasive Assessment of Aortocoronary Bypass Graft Patency Using Pulsed Doppler 
Echocardiography 


BENOIT DIEBOLD, PIERRE THEROUX, MARTIAL G. BOURASSA, PIERRE PERONNEAU and 
JEAN-LEON GUERMONPREZ 


Pulsed Doppler echocardiography performed at the time of postoperative coronary angiography in 120 consecu- 
tive patients with aortocoronary bypass grafts identified correctly 127 patent and 14 occluded grafts. Eleven pat- 
ent grafts could not be recorded, and 11 occluded grafts were falsely diagnosed as patent. The method had an 
overall sensitivity of 92 percent and a specificity of 56 percent. Because of its low specificity, the method cannot 
at present be recommended as a clinical tool for evaluating graft patency in individual patients, although it ap- 
pears promising as a clinical research tool for the future. 


17 Mid Systolic Closure of Aortic Valve in Hypertrophic Cardiomyopathy 


ROBERT A. CHAHINE, ALBERT E. RAIZNER, JEAN NELSON, WILLIAM L. WINTERS, Jr., 
RICHARD R. MILLER and ROBERT J. LUCHI 


In this study of 15 patients with hypertrophic cardiomyopathy, 6 patients (40 percent) had echocardiographic evi- 
dence of mid systolic closure of the aortic valve, an intraventricular pressure gradient (at rest in 5 and with prov- 
ocation in 1) and angiographic confirmation of left ventricular outflow obstruction. Although the incidence of mid 
systolic closure of the aortic valve in hypertrophic cardiomyopathy is relatively low, this finding appears to be 
a moderately sensitive sign of left ventricular outflow obstruction and may be a more specific predictor of out- 


^ flow obstruction than asymmetric septal hypertrophy or systolic anterior motion of the mitral valve. However, 
A outflow obstruction in this condition is difficult to assess and cannot be ascertained on the basis of an isolated 
/ hemodynamic, echocardiographic or angiographic criterion. 


i Continued on page A13 
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“INDICATIONS—Based on a review of this 
drug by the National Academy of Science- 
National Research Council and/or other in- 
formation. FDA has classified the indication 


“Possibly” effective: For long-term therapy 
of chronic angina pectoris. Prolonged 
therapy may reduce the frequency or elim- 


Final classification of the less-than-effective 
incications requires further investigation. 









CONTRAINDICARIONS—No 
specific contraindations are 
known. 


PRECAUTIONS—Since exces- 
sive doses can produce pe- 
ripheral vasodilation, the drug 
should be used cautiously in 
patients with hypotension. 


dosages. Instances of head- 
ache, dizziness, nausea, flush- 
ing, weakness or syncope, mild 
gastrointestinal distress and 


skin rash have been noted dur- 
ing therapy. Rare cases of what 
appeared to be an aggravation 
of angina pectoris have been 
reported, usually at *he initia- 
tion of therapy. On those un- 
common occasions when ad- 
verse reactions have been 


of undesirable symptoms. 


DOSAGE AND ADMINISTRA- 
TION—The recommenaed dos- 
age is 50 mg (2 tablets) three 


times a day, taken at least one . 
hour before meals. In some 
cases higher doses may be nec* { 
essary but a significantly ‘ 
increased incidence of side 
effects is associated with in- 
creased dosage. Clinical re- - 
sponse may not be evident be- 


persistent or intolerable, with- fore the second or third $ 
inate anginal episodes, improve exercise ADVERSE REACTIONS— drawal of medication has been — month of continuous therapy. 
tolerance, and reduce nitroglycerin require- Adverse reactions are minimal followed promptly by cessation Tablets of 25 mg 7, 
ments. The drug is not intended to abort the and transient at recommended 


For complete details, please see 
the full prescribing informatiag. 
Boehringer Ingelheim 


Boehringer Ingelheim Ltd. 
Ridgefield, CT 06877 
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coronary vasodilator, with 
no known contraindications, 
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24 Relation Between Apexcardiographic A Wave and Posterior Aortic Wall Motion 


KUANG-HUNG TYE, KENNETH B. DESSER and ALBERTO BENCHIMOL 


In 24 patients there was a significantly high degree of positive correlation between the apexcardiographic ratio 
of atrial to total amplitude (a/OE ratio) and the echocardiographic A/OV ratio (ratio of left atrial systolic motion 
to total posterior aortic wall motion). A posterior aortic root A/OV ratio greater than 0.5 correlated with an abnor- 
mally elevated apexcardiographic a/OE ratio and left ventricular end-diastolic pressure greater than 12 mm Hg. 
Consequently the amplitude of posterior aortic root motion during atrial systole in relation to total posterior aortic 
wall motion may provide a useful index for the noninvasive assessment of left ventricular compliance and end- 
diastolic pressure in patients undergoing echocardiography. 


29 Natural Course of the S-T Segment and QRS Complex in Patients With Acute Anterior Myocardial 


Infarction 


RONALD W. ZMYSLINSKI, TOSHIO AKIYAMA, THEODORE L. BIDDLE and PRAVIN M. SHAH 


Studying the natural history of the precordial electrocardiographic map (35 lead map and 6 standard precordial 
lead map) in 20 patients during the early and subsequent hours after acute myocardial infarction, these investiga- 
tors found that the course of the S-T segment and QRS complex after anterior myocardial infarction depends on 
the time of study after initial symptoms. Significant changes in Q and R wave areas may occur very early after 
the onset of symptoms, perhaps before 5 hours have elapsed. No correlation was found between the initial level 
of S-T segment elevation and subsequent change in Q or R wave areas except in two patients. These results in- 
dicate that the standard 6 lead precordial electrocardiogram may offer a practical alternative to the 35 lead map 
for patients with anterior myocardial infarction. 


35 Occurrence and Reproducibility of Exercise-induced Ventricular Ectopy in Normal Subjects 


41 


BJORN EKBLOM, L. HOWARD HARTLEY and WILLIAM C. DAY 


The regularly exercising YMCA population examined for this study had a noteworthy prevalence of ventricular 
ectopy, and the results were reproducible in a large proportion of cases. Ventricular ectopy was detected in 35 
percent of 289 normal men and 14 percent of 56 normal women monitored during gymnasium exercise. Preva- 
lence increased with age from 18 percent positive responses in men less than 30 years old to 50 percent in men 
older than 50 years; men had more ectopy than women at every decade of life. Cigarette smoking, coffee drink- 
ing and regular physical activity had no significant impact on the prevalence of ventricular ectopy. In a group of 
38 men with ventricular ectopy during the screening, the prevalence of ventricular ectopy increased from 15 
percent at a heart rate of less than 120 beats/min to 50 percent at a rate greater than 150 beats/min. Ventricular 
ectopy was observed more frequently during the exercise than during the recovery phases of the test and oc- 
curred as frequently in subjects who trained for more than 6 months as in those who trained for less than 4 
weeks. Patients with a prior myocardial infarction did not have a significantly greater prevalence of exercise-in- 
duced ventricular ectopy than normal subjects. 


Asynchronous Ventricular Relaxation: An Angiographic Temporal Analysis of Asynchronous Left 
Ventricular Relaxation in Man 


SAMIR E. ALAM, WILLIAM A. TANSEY, AIRLIE CAMERON and HARVEY G. KEMP, Jr. 


Comparison of 20 subjects with and 20 without segmental early ventricular relaxation, a common angiographic 
event that precedes the opening of the mitral valve, discloses that it is associated with a significantly prolonged 
ventricular relaxation time. Although three fourths of the subjects with the early relaxation phenomenon had cor- 
onary artery disease on arteriography, there was no consistent electrocardiographic abnormality. The term 
asynchronous ventricular relaxation is proposed to denote the disturbed diastolic properties of the ventricle with 
"early relaxation." Although the pathogenesis of this condition is unclear, these results suggest that a synchro- 
nous ventricular relaxation is part of a spectrum of myocardial relaxation abnormalities that manifest a pro- 
longed isovolumic phase. 
| Continued on page A17 
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Contraindications: Anuria, hypersensitivity to 
chlorthalidone or other sulfonamide-derived drugs 
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disease. May add to or potentiate the action of other 

antihypertensive drugs. Sensitivity "eactions may occur in favo ra e | e b a | a a C e 
patients with a history of allergy or bronchial asthma. There 

IS a possibility of exacerbation or activation of systemic » 

lupus erythematosus with thiazides, which are related to x 
chlorthalidone. This has not been reported with e Wee nN nN e | A a (| S 
chlorthalidone. Thiazides cross the placental barrier at 

and appear in cord blood. Use in pregnant | ; 

women requires that the anticipated benefits 
of the drug be weighed against possible 
hazards to the fetus. These hazards include 
fetal or neonatal jaundice, 
thrombocytopenia, and possibly other 
adverse reactions which have occurred in 

"the aduit. In nursing mothers, thiazides 

cross the placental barrier and appear in 
breast milk. If use of the 
drug is essential, the 
patient should stop 
nursing 


d Precautions: 
|» Periodic 
x, determination of serum 
electrolytes to detect 
possible electrolyte imbalance 
should be performed at appropriate 
intervals. All patients receiving 
chlorthalidone should be observed for clinical 
signs o! fluid or electrolyte imbalance; namely, 
hyponatremia, hypochloremic alka'osis, and hypokalemia. 
Serum and urine electrolyte determinations are particularly 
important when the patient is vomiting excessively or receiving 
parenteral fluids. Medication such as digitalis may also 
influence serum electrolytes. Hypokalemia may develop with 
chlorthalidone as with any other potent diuretic, especially with 
brisk diuresis, when severe cirrhosis is present, or during 
concomitant use of corticosteroids or ACTH. Interference with 
adequate oral electrolyte intake will also contribute to 
hypokalemia. Digitalis therapy may exaggerate metabolic effects of 
hypokalemia especially with reference to myocardial activity. Any 
chloride deficit is generally mild and usually does not require specific 
treatment except under extraordinary circumstances (as in liver 
disease or renal disease). Dilutional hyponatremia may occur in 
edematous patients in hot weather. Hyperuricemia may occur or gout 
be precipitated in certain patients. Insulin requirements in diabetic 
patients may be increased, decreased, or unchanged and latent Wt Ts 
diabetes mellitus may become manifest. Chlorthalidone and related SW | iT T 
drugs may increase the responsiveness to tubocurarine. The P NN | | TJ / 
ihypertensive effects of the drug may be enhanced in the à 4D h / 
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postsympathectomy patient. Chlorthalidone and related drugs may 
decrease arterial responsiveness tc norepinephrine. If progressive 
renal impairment becomes evident, as indicated by a rising nonprotein 
nitrogen or blood urea nitrogen, a careful reappraisal of therapy is 
necessary with consideration giver to withholding or discontinuing 
diuretictherapy. Chlorthalidone and related drugs may decrease 
serum PBI levels without signs of thyroid disturbance. 


Adverse Reactions: Anorexia, gastric irritation, nausea, vomiting, 
cramping, diarrhea, constipation, jaundice (intrahepatic cholestatic 
jaundice), pancreatitis; dizziness, vertigo, paresthesias, headache, 
xanthopsia; leukopenia, agranulocytosis, thrombocytopenia, aplastic 
anemia. purpura, photosensitivity, rash, urticaria, necrotizing 

— angiitis (vasculitis) (cutaneous vasculitis), Lyell's syndrome (toxic 
epidermal necrolysis). Orthostatic hypotension may occur and may be 
— aggravated by alcohol, barbiturates or narcotics. Other adverse 
reactions include hyperglycemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, impotence. Whenever adverse 
reactions are moderate or severe, chlorthalidone dosage should be 
reduced or therapy withdrawn. 

Usual Dose: One tablet daily. 

How Supplied: Tablets— 100 mg. (white, scored), 50 mg. (aqua) 

and 25 mg. (peach) in bottles of 100 and 1000; unit-dose blister packs, 
boxes of 100 (10 x 10 strips). Also, “00 mg. and 50 mg. in PAKs of 

28 tablets, boxes of 6. 
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USV Laboratories Inc. 
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(Chiorthalidone USP) 


Antihypertensive effectiveness 
demonstrated in a six-site multiclinic 
double-blind study* 


Favorable Risk/Benefit Balance 


e Mean potassium values remained within normal range 
e No clinically significant hypokalemia, hyperuricemia, or 
hyperglycemia reported" 


Well-documented Benefits 


e Significant lowering of systolic and diastolic pressure 
e 24-hour natriuretic activity, convenient once-a-day 
dosage 


*Multiclinic study involved 112 patients in: New Orleans, LA: Denver, CO: 
Nassau. Bahamas: Madison, WI: Paterson. NJ: East Meadow, NY 
Data on file, USV Laboratories Inc 

* With thiazide and thiazide-like diuretics, it is possible 
to develop certain electrolyte imbalances including 
hypokalemia, hyperuricemia and hyperglycemia. 
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SUMMARY OF PRESCRIBING INFORMATION 

Indications: Based on a review of this drug by The National Academy 
| of Sciences— National Research Council and/or other information. 
| FDA has classified the indications as follows: 

| Probably” effective: The chewable dosage form of SORBITRATE 


axis in situations likely to provoke such attacks 
Fina! classification of the less-than-effective indications requires 


| s indicated for the treatment of acute anginal attacks and for prophy- 
| turther investigation 


Contraindications: A history of sensitivity to the drug. 
Warnings: Data supporting the use of nitrates during the early days of the 
acute phase of myocardial infarction are insufficient to establish safety. 
Precautions: Tolerance and cross tolerance to other nitrates may occur. 
Adverse Reactions: Headache which may 
be severe and persistent. Lowering the 
jose and using analgesics will help control 
the headaches which usually diminish or 
disappear as therapy is continued. 
Adverse reactions seen occasionally: 
Cutaneous vasodilation with flush- 
ing; transient dizziness and weak- 
ness as well as other signs of cere- 


Up to 2 hours of angina 
protection. At mealtime 
and any other time of stress. 2:55: 


bral ischemia associated with postural hypctension; individual marked 
sensitivity to the hypotensive effects of nitrates wherein severe responses 
can occur even with the usual therapeutic cose (alcohol may enhance 
this effect); drug rash and/or exfoliative dermatitis. 

This drug can act as a physiologicalantagonistto norepinephrine, acetyl- 
choline, histamine and other agents. 


Dosage and Administration: Individual Dose To minimize hypotensive 
responses, which may occasionally be severe with chewable doses as 
low as 5 mg., the smallest effective dose should be employed. Chewable 
tablets are generally given in doses of 5 mg. 

Dosage Schedule: Smailest effective dose necessary for the prevention 
and treatment of pain of an angina attack. CHEWABLE SORBITRATE* 
(isosorbide dinitrate) may be taken for 
prompt relief cf angina pain three or four 
times daily. Although the onset and dura- 
tion of effect of coronary nitrates may 
vary, following is the generally reported 
range of these values for CHEWABLE 

SORBITRATE. 
Onset of Effect: Two to fiveminutes. 


CHEWABLE SORBITRATE 


 (ISOSORBIDE DINITRATE) 


omg.and 10mg. 
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EXPERIMENTAL STUDIES 


47 Differential Accumulation of Radiopaque Contrast Material in Acute Myocardial Infarction 
a CHARLES B. HIGGINS, MILOS SOVAK, WALTER SCHMIDT and PAUL T. SIEMERS 


This study, using direct measurement of the iodine content of normal and infarcted myocardium in dogs, con- 
firms the differential accumulation of contrast material in ischemically damaged myocardium. The iodine-con- 
taining moiety of contrast material accumulated to a greater extent in ischemically damaged myocardium than 
in normal myocardium. This differential accumulation, evident 10 to 180 minutes after the intravenous adminis- 
tration of contrast material, was maximal at 180 minutes. These results suggest that the intravenous administra- 
tion of contrast material may facilitate the identification of acutely infarcted myocardium with computerized 
X-ray transmission tomography. 
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52 Release of Nucleosides From Canine and Human Hearts as an Index of Prior Ischemia 
ARTHUR C. FOX, GEORGE E. REED, HENRY MEILMAN and BARBARA B. SILK 


These studies in man show that large amounts of the nucleosides adenosine, inosine and hypoxanthine are re- 
leased into the coronary sinus blood during the reperfusion period after potassium-induced ischemic arrest dur- 
ing cardiac surgery. The postischemic release parallels the duration of ischemia, is temporary and may be useful 
to supplement the measurement of lactate as an index of prior myocardial ischemia. Similar results were ob- 
tained in dogs after brief occlusions of a segmental coronary artery. In dogs the postischemic reactive hyper- 
emic flow and release of adenosine were related in temporal patterns that support the hypothesis that adenosine 
may function physiologically as an autoregulator of coronary flow. 


59 Effects of Intraaortic Balloon Counterpulsation on Regional Myocardial Function During Acute 
Coronary Occlusion in the Dog 


SHIGETAKE SASAYAMA, GENTA OSAKADA, MASAAKI TAKAHASHI, HIROKA HAMASHIMA, 
KUNIHIKO HIROSE, EIZO NISHIMURA and CHUICHI KAWAI 


Using ultrasonic dimension gauges in 24 open chest dogs, these investigators found that intraaortic balloon 
pumping initiated 10 minutes after experimental coronary occlusion increased mean aortic diastolic pressure 
from 103 to 115 mm Hg without any significant change in peak systolic pressure. Balloon pumping produced no 
change in the dyskinetic motion of the ischemic section but caused compensatory augmentation of the control 
segment. Counterpulsation selectively improved contractile function of the marginally ischemic segment, pre- 
sumably by increasing the regional myocardial blood flow and the availability of oxygen. In the clinical patient 
with extensive myocardial infarction, the unloading effect of counterpulsation may not be completely counterbal- 
anced as in the experimental model without cardiac failure. In some cases the observed improvement in seg- 
ment function could be transient, and partial restoration of contractile function in the border zone might not com- 
pensate for the extensive myocardial damage in the central ischemic zone. 





PEDIATRIC CARDIOLOGY 
67 Role of Echocardiography in Aortic Stenosis: Pre- and Postoperative Studies 


MICHAEL H. GEWITZ, JOHN C. WERNER, CHARLES S. KLEINMAN, WILLIAM E. HELLENBRAND and 
NORMAN S. TALNER. With the technical assistance of KATHLEEN A. TAUNT 


Data from 35 children and adolescents with aortic stenosis indicate that currently applied echocardiographic for- 
mulas for preoperative prediction of peak left ventricular systolic pressure are reliable but consistently overesti- 
mate peak left ventricular pressure in the postoperative period. A persistently increased left ventricular posterior 
wall dimension after partial or complete operative relief of left ventricular pressure overload raises questions , 
relative to the completeness of the regression of myocardial hypertrophy after removal of significant aortic ob- 
struction. Left ventricular cavity dimension was not significantly altered postoperatively. 

Continued on page A19 . ‘= 
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and individual use in other 
procedures as needed. 


EXTOL's engineered 
compatibility provides the capability 
to help track down clinically 
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74 Evaluation of Persistent Coarctation of Aorta After Surgery With Blood Pressure Measurement and 
' Exercise Testing 


THOMAS M. CONNOR 


These data in 16 patients with coarctation of the aorta show that measurement of the arm to leg systolic blood 
pressure gradient before and after a standard level of treadmill exercise provides a sensitive, noninvasive means 
of evaluating such patients, particularly after surgical repair. Such a treadmill exercise test, by increasing cardi- 
ac output and decreasing the peripheral contribution, effectively “unmasks” an abnormal fixed resistance at the 
level of coarctation or previous coarctation repair. Two of 13 patients studied postoperatively were found to 
have significant residual coarctation on the basis of this test. A postexercise arm to leg systolic blood pressure 
gradient greater than 35 mm Hg after repair of coarctation of the aorta is an indication for recatheterization. 


REPORTS ON THERAPY 


79 Hemodynamic Effects of Oral Ephedrine Given Alone or Combined With Nitroprusside Infusion in 
Patients With Severe Left Ventricular Failure 


JOSEPH A. FRANCIOSA and JAY N. COHN 


Because the combination of intravenous vasodilators and inotropic drugs is effective in patients with chronic 
congestive heart failure, this study was performed in 11 such patients to assess the effects of oral ephedrine (50 
mg) alone and combined with nitroprusside infusion. The data demonstrate that ephedrine is an orally effective 
inotropic agent, especially when combined with a vasodilator, and that further evaluation of its use in congestive 
heart failure, especially in combination with a vasodilator, is warranted. The increases in cardiac output with 
each agent alone were significant and similar. They were significantly greater with the combination of the two 
drugs than with either alone. Serious clinical complications did not occur during the brief observation period de- 
spite increases in heart rate and blood pressure in all patients after ephedrine administration. These effects were 
most likely due to a positive inotropic effect of ephedrine. 


86 Effect of Furosemide on Hemodynamics and Lung Water in Acute Pulmonary Edema Secondary to 
Myocardial Infarction 


THEODORE L. BIDDLE and PAUL N. YU 


Hemodynamic studies in 19 patients with left ventricular failure complicating acute myocardial infarction 
showed a significant reduction in right atrial, pulmonary arterial and pulmonary wedge pressures after the admin- 
istration of furosemide. The changes in pressures and lung water were not associated with a change in cardiac 
output and were thus probably not flow-related. The mobilization of excess lung water in such patients is charac- 
terized by a therapeutic lag of at least several hours and a relation to both the reduction in pulmonary wedge 
pressure and the magnitude of left ventricular dysfunction. Venodilatation may be a major result of treatment 
with furosemide. 


91 Coronary Arterial Responses to Graded Doses of Nitroglycerin 


ROBERT L. FELDMAN, CARL J. PEPINE, R. CHARLES CURRY, Jr. and C. RICHARD CONTI 


Small doses of fresh nitroglycerin (75 to 150 ug) given sublingually to 13 patients during left heart catheterization 
and coronary arteriography increased the diameter of the left anterior descending coronary artery by 10 and 20 
percent, that of the left circumflex artery by 9 and 22 percent, and that of collaterally filled vessels by 18 and 28 
percent, respectively, without significant change in heart rate or mean aortic pressure. Larger doses produced 
only modest additional increases in coronary arterial diameter. This study shows that dilator receptors of both 
large left coronary arteries and vessels filled by collateral vessels respond to very small doses of nitroglycerin 
without significant changes in heart rate or blood pressure. The data further suggest a differential coronary and 
peripheral receptor responsiveness to nitroglycerin. Major increases in coronary arterial diameter occur at a 
smaller dose than that causing significant changes in aortic pressure and heart rate. The clinical benefits of such 
small doses of nitroglycerin remain to be tested. 
Continued on page A21 


"c: 
i: —_— tm 4 

: FUA r; 
:£ ites 


di V 








- UUOCYNHPNEL CLE AU - “= TUE oe 
i Eea ay — LT. am “Pa Fr T $7) =e r * a "T : J. M "A U e 
YS E 7 x 7 IFNTN NT? PN Se. £ Pe E m E - 





i Compatible 
with management of every ty 
of functional constipation. 


Compatible 















with other medications. 
Compatible 


3 with different life-styles of patients... 
: redictable and gentle. 


SENOKOT 


(standardized senna concentrate) Tablets/Granules 


natural vegetable laxative 








Sa^. 
M - 


AF ae 


"C 


Purdue Frederick 
© Copyright 1978, The Purdue Frederick Company / Norwalk, CT 06856 


AR^^an =f ese 





Uu SV SRP ee mU PM qux 
, E | B3, 


CONTENTS 


EEUU 2 uus cis 
de 


P» . 


,98 Safety and Efficacy of Procainamide Infusions 


JOHN J. LIMA, ALLEN L. GOLDFARB, DAVID R. CONTI, LAWRENCE H. GOLDEN, 
DIE BETTY L. BASCOMB, GAIL M. BENEDETTI and WILLIAM J. JUSKO 


Procainamide given intravenously according to a pharmacokinetically designed two infusion technique abolished 
dangerous ventricular arrhythmias at a steady state level of 6.9 + 3.7 mg/liter in 74 percent of 34 patients resis- 
tant to conventional doses of lidocaine. Systolic and diastolic blood pressures decreased moderately, and heart 
rate decreased 11 percent. The duration of electrocardiographic conduction intervals increased slightly in some 
patients. In nonresponders with a steady state serum procainamide concentration of 8 to 10 mg/liter or less, it 
is worthwhile to increase the dose of procainamide. In addition to efficacy and safety, other advantages of ad- 
ministering procainamide according to this dosage regimen include a rapidly achieved therapeutic serum con- 
centration of procainamide in 15 minutes, rapid abatement of toxicity by stopping the infusion and the availability 
of an easily calculated appropriate oral dosage form. 


106 Treatment of Premature Ventricular Complexes With Acebutolol 


WILBERT S. ARONOW, MARVIN TURBOW, MARK LURIE, KENNETH WHITTAKER and 
STEVEN VAN CAMP 


In this double-blind, randomized study, intravenously administered acebutolol, a new cardioselective beta adren- 
ergic blocking agent with weak intrinsic sympathomimetic activity, abolished or reduced by 75 percent or more 
frequent premature ventricular complexes in 18 of 20 patients (90 percent). This therapeutic effect persisted at 
least 2.5 hours in 85 percent, 3.5 hours in 70 percent and at least 4 hours in 40 percent of the patients. No ad- 
verse effects occurred after treatment with acebutolol or control normal saline solution. Intravenous acebutolol 
is not only very effective in treating frequent premature ventricular complexes, but its cardioselective property 
also provides therapeutic advantages over those of beta adrenergic blocking agents such as propranolol in pa- 
tients with chronic obstructive pulmonary disease. 


LOUIS F. BISHOP LECTURE 
109 Direct Myocardial Revascularization: A 10 Year Journey. Myths and Realities 
RENÉ G. FAVALORO 


After performing direct myocardial revascularization operations for more than 10 years, this pioneer in such sur- 
á gery realistically concludes that not only have the indications for coronary artery bypass surgery been sufficient- 
ly clarified, but also there is enough evidence to indicate that use of this technique in properly selected patients 
enhances the quality of life and improves life expectancy. This masterful presentation analyzes and classifies 
existing information and urges a uniform classification system for correlating and utilizing the data so as to de- 
fine the indications for surgical intervention in both uncomplicated and complicated cases of ischemic heart dis- 
ease. Because coronary cineangiography is mandatory if the clinician and surgeon are to make a sound deci- 
sion, a helpful tabulation for reading the coronary cineangiogram in relation to the ischemic area is presented. 
Classification of patients according to single, double or triple vessel disease is inadequate. 





129 Editorial Comment 
JOHN J. COLLINS, Jr. 


REVIEW ] 
131 Biochemical Aspects of Arrhythmogenesis and Ventricular Fibrillation í 
P LIONEL H. OPIE, DAVID NATHAN and WILHELM F. LUBBE 


This review evaluates the biochemical and metabolic factors that decrease the resting potential, produce the 

slow response, shorten the action potential duration or enhance phase 4 depolarization for their possible role 

in ventricular arrhythmias and fibrillation during acute myocardial infarction. The evidence indicates that in- 1 
Continued on page A23 
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creased automaticity occurs in partially depolarized Purkinje fibers, especially when there is stimulation by cate- 
cholamines or cyclic adenosine monophosphate in the presence of a low external potassium level. These and 
other metabolic factors discussed in this review appear to play an important role in the genesis of arrhythmias 
during acute myocardial infarction. 


DIAGNOSTIC SHELF 


Left Superior Vena Cava to Left Atrial Communication Diagnosed With Radionuclide 
Angiocardiography and With Differential Right to Left Shunting 


MARVIN A. KONSTAM, BARRY W. LEVINE, H. WILLIAM STRAUSS and KENNETH A. McKUSICK 


Radionuclide angiocardiography and total body scanning after the intravenous injection of labeled albumin mi- 
crospheres led to the diagnosis of anomalous left superior vena cava to left atrial communication in a 50 year 
old man. A contrast left subclavian venogram confirmed the anomaly and identified an innominate bridge con- 
necting the left and right superior venae cavae. This anomaly, rare as it is, should be considered in the presence 
of a right to left shunt without right ventricular hypertrophy, especially when cardiac catheterization cannot iden- 
tify the cause of the shunt. 


154 Left Ventricular False Aneurysm After Coronary Bypass Surgery: Radionuclide Diagnosis and Surgical 


Resection 


STEPHEN E. SWEET, ROSALYN STERLING, JOHN R. McCORMICK, MICHAEL D. KLEIN, 
ROBERT L. BERGER and THOMAS J. RYAN 


A pseudoaneurysm of the left ventricle after a myocardial infarction 4 years after coronary bypass surgery in a 
61 year old man was diagnosed with gated cardiac blood pool imaging and subsequently successfully repaired. 
In any patient with previous coronary arterial surgery, the appearance of an abnormal cardiac bulge in the chest 
X-ray film or an ectopic cardiac impulse on physical examination, especially if associated with an apical systolic 
murmur, should raise the suspicion of a left ventricular false aneurysm. A gated cardiac blood pool scan, as 
demonstrated in this case, provides a simple and precise means of establishing the correct diagnosis. 


CASE REPORTS 


158  Postpartum Acute Myocardial Infarction: A Rare Occurrence of Uncertain Etiology 


JOHN F. BEARY, WARREN R. SUMMER and BERNADINE H. BULKLEY 


Data from two new cases of postpartum acute myocardial infarction and nine other reported cases indicate the 
atypical nature of ischemic heart disease and myocardial infarction in these women. One of the two subjects in 
this series and one other survivor showed normal coronary arteries on angiography. Coronary spasm may play 
a role in the etiology of postpartum acute myocardial infarction. Because this condition may be unrelated to ath- 
erosclerotic narrowing, detailed angiographic studies in survivors of this event appear warranted to permit better 
understanding and treatment of ischemic heart disease in women. 


162 Accelerated Ventricular Rhythm in Childhood 


WINSTON E. GAUM, THOMAS BIANCANIELLO and SAMUEL KAPLAN 


Accelerated ventricular rhythm is distinguished from classic ventricular tachycardia by its gradual onset and by 
ventricular rates very close to the sinus rate at rest (78 to 110 beats/min). Three of the four children with such 
accelerated ventricular rhythm presented in this report were asymptomatic and had no demonstrable organic 
heart disease. One had equivocal evidence of myocarditis. The mechanism of this benign arrhythmia is un- 
known. All the arrhythmias were detected during routine physical examination in asymptomatic children without 
evidence of cardiovascular disease. Therapy is usually not necessary for this rhythm. If symptoms are present, 
Holter electrocardiographic monitoring, graded exercise testing and, if necessary, invasive electrophysiologic 
studies to uncover more malignant rhythm disturbances may be performed. 
Continued on page A25 
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165 Letters to the Editor 
Atrioventricular Nodal Wenckebach Phenomenon—M. N. Levy, M. B. Simson, J. F. Spear, et al. 


1 Abnormal P Wave in Reye's Syndrome—ll—R. H. Wasserburger, J. M. Isner, B. Guller, et al. 


A Lesson From Controlled Therapeutic Trials—W. Shapiro 
Rate-Corrected Preejection Period—D. H. Spodick, J. A. Thomas and B. H. Marks 
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Now there’s a system that eliminates the 
tedium of winnowing the reams of raw 
data and piles of calculations. 


It's the E for M Computer-Aided Cath 
Lab System with our exclusive 
DB/RG Report Generator. 


The CLC does all the hemodynamic and ventricu- 
lographic calculations at the touch of a button. It 
also gives you a chronological log of the case and 
cumulative calculated results whenever you want 
them. Unlike other systems, however, ours 
doesn't stop there. 


For when the case is finished, our computer 
abstracts the essentials, then writes the reports, 
all in a matter of minutes! 


What kind of reports? Exactly as you see 
on these pages." 


e Report for the lab file. 

e Report for the surgical team. 

e Even a letter and report for the 
referring physician . 


And all the reports are tailored to the 
circumstances of the particular case 
and your individual requirements. 
Which is why we call it the Complete 
Cath Lab System. 


If you wantto know more, we've got 
a 16-page color brochure with full details. 
It'S yours if you give us a call, drop us a line, 
or visit your nearby E for M representative. 
Be sure to ask for a copy of these reports. 


















Introducing the Datascope M/D3. 


Itoffers the world's first lithium 
emergency power pack as part of the world’s 
most advanced portable 
defibrillator s ystem ever developed. 
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» Until now, the choice of a 
defibrillator system for the 

ital was a compromise. 

You could have a 
defibrillator that weighed 35 
pounds or more that functioned 
pretty well on a crash cart. But 
it was a struggle to carry when 
you hadyo. 

Or you could have a 19 
pound defibrillator system. It 
was certainly lightweight, 
but it deprived you of many 
important features. 

You either had too much of 
one thing or too little of another. 

Now, you can have the 
best of both: the new Datascope 
M/D3. 

The M/D3 is remarkably 
compact and portable. It 
weighs less than 25 pounds. It 
measures only 13" x 15" x 72". 
Yet it outperforms any heavy 
defibrillator system. And 
certainly any lightweight. 

To start with, the M/D3 
has the most advanced power 
system ever developed. As you 
might expect, the Datascope 
M/D3 operates on either 
battery or line power. 

But unlike conventional 
systems, the M/D3 puts an end 
to the worry about battery 

«failure. Because, in addition to 
having nickel cadmium 
batteries, the M/D3 also has a 
revolutionary back-up battery: 
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the first lithium-powered 
emergency pack. 

We conceived the Lithium 
Emergency Power Pack for that 
emergency when your 
rechargeable batteries are 
unusable, for whatever reason. 
Our lithium pack needs no 
maintenance and remains ready 
for use for five years. We can't 
guarantee that you'll ever use it. 
But we can guarantee you'll be 
glad the first time you do. 

Despite its compactness 
and portability, the M/D3 has 
a scope that measures a full 
5 inches diagonally. The same 
size as you'd find in large 
systems. It has a bright non- - 
fade display which you can 
freeze. And a large digital 


indication of the sensitivity of 









scope that give you an on-going 


the trace. 

To the document switch on 
the paddles which triggers the 
strip chart recorder. To the 
convenient way in which the 
paddles can be removed and 
replaced. 

To the electrode lead fault 
indicator. 

To the manner in which the 
battery pack can 
be rapidly ejected 
for replacement. 
To the fact that 


Our scope has over 4 times the viewing area of a lightweight. batteries are 


display of heart rate. And, 
naturally, it has the quality and 
performance you'd expect 
from the world's largest manu- 
facturer of battery-powered 
monitors. 

Despite its size, the M/D3 
is available in a 500 joule as 
well as a 400 joule version. 
Either model incorporates a 
digital energy meter that 
precisely displays anticipated 
delivered energy. 

Overall, the M/D3 offers 
those innovative details which 
create functional design 
elegance. 

From the way all the oper- 
ating controls are arranged in a 
single plane. 

To the unique, dynamic 
calibration markers on the 


recharged in less than 5 hours 
instead of the usual 16. 

In short, the M/D3 is the 
most innovative development 
in defibrillator systems today. 

Frankly, there are so many 
exciting features in the M/D3, 
there's simply not enough 
space to discuss them all here. 
We urge you to see the M/D3 
first-hand. To arrange for a 
demonstration call us at 
201-265-8800. Datascope 
Corp., Box 5-S , Paramus, 

NJ 07652. 

In Europe: Datascope 
B.V., Post Box 26, 3870 CA, 
Hoevelaken, Holland. 


The Datascope 
Defibrillator System 
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wo yVu Up té uae 
on basic research 


and clinical progress 


(Congestive Heart Failure 
| Mechanisms, Evaluation and Treatment 
Dean T. Mason, M.D. 


This rare treatment of such a multifaceted 


-= subject provides an unusual opportunity 


for the busy clinician to add to his knowl- 
edge in a minimum amount of time. Any 


. area of immediate interest can be rapidly 


located and as much data as needed can 
be quickly extracted. The concentration 
on improved clinical management will be 


. appreciated by every internist, cardiol- 


ogist, generalist, and any professional in- 


volved in cardiovascular medicine. 


Dean Mason, President of the Amer- 
ican College of Cardiology, has or- 
ganized this monograph within the three 
areas relevant to an understanding of 


congestive heart failure: mechanisms, 


evaluation and treatment. Fifty-six recog- 
nized authorities have been assembled 
by Dr. Mason, each contributing their 
expertise to make this book the foremost 
text covering the highly important and 
common disorders of abnormal heart 
function. 


This presentation of recent advances in 
basic research and clinical progress has 
been highly acclaimed for its major con- 


tribution to the improvement of patient 


care. We invite you to see if you don't 
agree. Order and take 30 days to look 
over the book. If you're not totally satis- 
fied, return it. 


About the author... Dean T. Mason, M.D. 


Professor of Medicine, Professor Physiology, Chief of 
Cardiovascular Medicine, University of California, 


School of Medicine, Davis 
President, American College of Cardiology 
President, Western Society for Clinical Research 


Serves on the editorial boards of The American Journal 
of Cardiology, The Journal of Clinical Investigation, 
Circulation, Chest, Clinical Pharmacology and Thera- 
peutics, Catheterization and Cardiovascular Diagnosis, 


and Heart and Lung 
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$35.00 


"...the finest book on congestive 
heart failure ever written...com- 
pletely covers the entire spectrum 
.. Will remain a classic." Rudolph 
T. Wagner, MD, FCCP, Chest, May 
1978 


"Mechanisms, evaluation, and 
treatment...are well discussed... 
well illustrated." MD, December 
1977 


00 GAR ET) AE OR a COBRA COSE. A 0 SUPREME abhi Oe tH gie ex caes 





YORKE MEDICAL BOOKS, 666 FIFTH AVE., NEW YORK, N.Y. 10019 


Please send me a copy of Congestive Heart Failure 
for 30 days free examination and use at $35.00. If 
not satisfied | may return book for refund or credit. 
C Bill me, plus cost of shipping 
[] Payment enclosed, publisher absorbs shipping 

cast 

[ Charge my credit card 

C Master Charge O Visa 


Card No. 


Expire Date 


AJC-1/79 


Name 
Address 


City 





sq COMO AM ee: WWEYUE C 
(New York residents add applicable sales tax. 
Outside Western Hemisphere prepay in U.S. 
funds or use credit card. Add $5.00 per copy.) 
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1. Introduction to Recent Advances 
Pathogenesis and Management 
Congestive Heart Failure—D.T. Mason. 
l. Mechanisms 
2. Structural Conditions in the H 
trophied and Failing Heart — 
Spotnitz and E.H. Sonnenblick 

3. Abnormal Biochemistry in Myocardial 
Failure — A. Schwartz, L.A. Sordahl, 
M.L. Entman, J.C. Allen, Y.S. Reddy, 
M.A. Goldstein, R.J. Luchi and L.E. 
Wyborny. 

4. Ribonucleic Acid Polymerase and 

Adeny! Cyclase in Cardiac Hypertrophy 

and Cardiomyopathy — l2 Nair, T 






Umaii and J. Potts. 

5. Myohibrillar Proteins and the Contractile 
Mechanism in the Normal and Failing 
Heart — J. Wikman-Coffelt, C. Fenner, 
A.F. Salel, T. Kamiyama and D.T. 
Mason. 

6. Effects of Ischemia on the Contractile 
Processes of Heart Muscle—A.M. Katz. 

7. Alterations of Cardiac Sympathetic 
Neurotransmitter Activity in Congestive 
Heart Failure —H.L. Rutenberg and J.F. 
Spann, Jr. 

8. Contractile and Energetic Behavior of 
Hypertrophied and Failing Myocardium 
— G. Cooper, IV, J.F. Gunning, C.E. 
Harrison and H.N. Coleman, Ill. 

9. Regulation of Cardiac Performance in 
Clinical Heart Disease: Interactions Be- 
tween Contractile State, Mechanical 
Abnormaiities and Ventricular Compen- 
satory Mechanisms — D.T. Mason. 

10. Peripheral Circulatory Control 
Mechanisms in Congestive Heart Fail- 
ure — R. Zelis, J. Longhurst, R.J. 
Capone, G. Lee and D.T. Mason. 

11. Function of the Hypoxic Myocardium: 
Experimental and Clinical Aspects — 
E.A. Amsterdam. 

12. Nature and Significance of Alterations in 
Myocardial Compliance — J.W. Covell. 

13. Renal Function and Edema Formation in 
Congestive Heart Failure — M.J. Ton- 
kon, S.M. Rosen and D.T. Mason. 

il. Evaluation 

14. Physical Findings in Heart Failure and 
Their Physiologic Basis — R.A. 
O'Fourke and M.H. Crawford. 

15. Echographic Evaluation of Cardiac 
Function — A.N. DeMaria, A.L. 
Neumann and D.T. Mason. 

16. Cardiac Catheterization in the Clinical 
Assessment of Heart Disease and Ven- 
tricular Performance—D.T. Mason, R.R. 
Milier, D. S. Berman, L.A. Vismara, D.O. 
Williams, A.F. Salel, A.N. DeMaria, H.G. 
Bogren, G.L. DeNardo and E.A. Ams- 
terdam. 

17. Catheterization Evaluation of Cardiac 
Function in Acute and Chronic Coronary 
Artery Disease — C.E. Rackley, R.O. 
Russell, Jr., R.E. Moraski, J.A. Mantle, 
B... Feild and M. Smith. 

Hl. Treatment 

18. Management of Chronic Refractory 
Congestive Heart Failure—D.T. Mason, 
R.R. Miller, D.O. Williams, A.N. 
DeMaria, L.D. Segel and E.A. Amster- 
dam. 

19. New. Developments and Therapeutic 
Applications of Cardiac Stimulating Ag- 
ents — J.F. Williams, Jr. 

20. The Digitalis Glycosides: Clinical Phar- 
macology and. Therapeutics — D.T. 
Mason, E.A. Amsterdam and G. Lee. 

21. Ventricular Afterload Reducing Agents 
in Congestive Heart Failure Therapy — 
R.R. Miller, D.O. Williams, A.N. 
DeMaria, E.A. Amsterdam and D.T. 
Mason. 

22. Myocardial Infarction Shock: 
Mechanisms and Therapy — E.A. Ams- 
terdam, A.N. DeMaria, J.L. Hughes, E.J. 
Hurley, A.J. Lurie, D.O. Wiliams, R.R. 
Miller and D.T. Mason. 

23. Antiarrhythmic Agents: Clinical Phar- 
macology and Ther tics — D.T. P 
Mason, A.M. DeMaria, E.A. Amsterdam. 
L.A. Vismara, R.R. Miller, Z. Vera and 

R.A. Massumi. 
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Please see Brief Summary on last page 

Before prescribing Minipress, WARNINGS » Capsules | mg, 3m 

and DOSAGE AND ADMINISTRATION 0 KeV48/e j 
sections should be carefully reviewed. 





YEARS OF EFFECTIVE BLOOD 
PRESSURE CONTROL.. WITHOUT 
COMPROMISE OF VITAL ORGANS 
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USUAL MAXIMUM DAILY DOSAGE: 20 mg given in divided 
doses (b.i.d. or t.i.d. ). A few patients may benefit from further 
Increases up to a daily dose of 40 mg given in divided doses. 


= Initial therapy: Whether using Minipress in 
combination with other agents or alone, the start- 
ing dosage is 1 mg t.i.d. If response is not adequate 
by the next visit, the dosage should be increased 
to 2 mg t.i.d 


= Dosage titration: Thereafter, titrations of 
Minipress should be carried out according to 
atient response. Dosage may be slowly increased 
daily maximum of 20 mg given in divided 
es. Although some patients may be controlled 
on 1 mg t./.d., generally 6 mg to 15 mg daily will 
be needed in the majority of responding patients 


In order to achieve optimal blood pressure control. 


a Maintenance therapy: After initial titration, 
patients may be maintained on a b.i.d. or M Ro) 
dosage regimen. 

m |f optimum control is not achieved in patients 
receiving Minipress and a diuretic, consider adding 
another Step 2 antihypertensive agent. 

m |f optimum control is not achieved with Minipress 
as the initial agent, consider adding a diuretic. 

- When adding a diuretic or other antihyperten- 

se agent, Minipress dosage should be reduced 
(« mg or 2 mg t.i.d. and retitrated as needed. 
uShvailable in 1-mg, 2-mg, and 5-mg capsules. 





REMOVE PAGE AND FOLD ALONG DOTTED LINE AND SAVE FOR REFERENCE 


BRIEF SUMMARY 

MINIPRESS* (prazosin hydrochloride) Capsules For Oral Use 
INDICATIONS. MINIPRESS /prazcsin hydrochloride) is indicated in the 
treatment of hypertension. As an antihypertensive drug, it is mild to 
moderate in activity. It can be used as the initial agent or it may be employede 
ina general treatment program in conjunction with a diuretic and/or das! 
antihypertensive drugs as needed for proper patient response 
WARNINGS. MINIPRESS (prazosin hydrochloride) may cause syncope 
with sudden loss of consciousness. In mostcasesthis is believed tobe 
due to an excessive postural hypotensive effect, although occasion- 
ally the syncopal episode has been preceded by a bout of severe. 
tachycardia with heart rates of 120-160 beats per minute. Syncopal 
episodes have usually occurred within 30 to 90 minutes of the initial 
dose of the drug; occasionally they have been reported in association, 
with rapid dosage increases or the introduction of another antjyper- 
tensive drug into the regimen of a patient taking high déses of 
MINIPRESS (prazosin hydrochloride). The incidence of syncopal 
episodes is approximately 1% in patients given an initial dose of 2 mg or 
greater. Clinical trials conducted during the investigational phase of 
this drug suggest that syncopal episodes can be minimized by limiting 
the initial dose of the drug to 1 mg, by subsequently increasing the 
dosage slowly, and by introducing any additional antihypertensive 
drugs into the patients regimen with caution (see DOSAGE AND 
ADMINISTRATION). Hypotension may develop in patients given 
MINIPRESS who are also receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent position 
and treated supportively as necessary. This adverse effect is self-limiting 
and in most cases does not recur after the initial period of therapy or during 
subsequent dose titration 

Patients should always be started on the 1 mg capsules of MINIPRESS 
(prazosin hydrochloride). The 2 and 5 mg capsules are not indicated for 
initial therapy 

More common than loss of consciousness are the symptoms often 
associated with lowering of the blood pressure, namely, dizziness and 
lightheadedness. The patient should be cautioned about these possible 
adverse effects and advised what measures to take should they develop 
The patient should also be cautioned to avoid situations where injury could 
result should syncope occur during the initiation of MINIPRESS (prazosir 
hydrochloride) therapy 

Usage in Pregnancy: Although no teratogenic effects were seen in 
animal testing, the safety of MINIPRESS (prazosin hydrochloride) in 
pregnancy has not been establishec. MINIPRESS (prazosin hydrochloride) 

iot recommended in pregnant women unless the potential benefit 
outweighs potential risk to mo:her and fetus 

Usage in Children: No clinical experience is available with the use of 
MINIPRESS (prazosin hydrochloride) in children 
ADVERSE REACTIONS. The most common reaciions associated with 
MINIPRESS (prazosin hydrocnloride) therapy are: dizziness 10.396, head- 
ache 7.8%, drowsiness 7.6%, lack of energy 6.996, weakness 6.5%, 
palpitations 5.396, and nausea 4.9%. In most instances side effects have 
disappeared with continued therapy or have been tolerated with no 
decrease in dose of drug 

The following reactions have been associated with MINIPRESS (prazosin 
hydrochloride), some of them rarely. (In some instances exact causal 
relationships have not been established) 

Gastrointestinal: vomiting, ciarrhea, constipation, abdominal discomfort 
and/or pain 

Cardiovascular: edema, dyspnea syncope, tachycardia 

Central Nervous System: nervousness, vertigo, depression, paresthesia 

Dermatologic: rash, pruritus 

Genitourinary: urinary frequency, inpotence 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth 
nasal congestion 

Other: diaphoresis 

Single reports of pigmentary mott ing and serous retinopathy, and a few 
reports of cataract development or disappearance have been reported. In 
these instances, the exact causal relationship has not been established 
because the baseline observations were frequently inadequate. 

In more specific slitfamp and funduscopic studies, which included 
adequate baseline examinations, no drug-related abnormal ophthalmologi- 
cal findings have been reported 
DOSAGE AND ADMINISTRATION. The dose of MINIPRESS (prazosin 
hydrochloride) should be adjusted according to the patient's individual 
blood pressure response. The following is a guide to its administration 

Initial Dose: 1 mg three times a day. (See Warnings) 

Maintenance Dose: Dosage may be slowly increased to atotal daily dose 
of 20 mg given in divided doses. Higner doses usually do not increase 
efficacy, however a few patients may benefit from further increases up to a 
daily dose of 40 mg given in divicec doses. After initial titration some 
patients can be maintained adequately on a twice daily dosage regimen 

Use With Other Drugs: When adding a diuretic or other antihypertensive 
agent, the dose of MINIPRESS (prazosin hydrochloride) should be reduced 
to 1 mg or 2 mg three times a day and retitration then carried out 
HOW SUPPLIÉD. MINIPRESS (prazosin hydrochloride) is availablein 1 mg 
(white #431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, 
and unit dose institutional pacxages of 100 (10 x 10's); and 5 mg (blue and 
white #438) capsules in bottles of 250, 500 and unit dose institutional 
packages of 100 (10 x 10's) 

More detailed information available on request 
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Guglielmo Marconi foresaw an end to the silence 
of the airwaves, and the lifeline of wireless 
communication was born. 


ntermedics is on the same wavelength, 
with another breakthrough in pacemaker technology. 


= 
— at 


ear: o 2€ 
<. 





yoderLith. 
e multi-programmable pacemaker 


ith telemetry. 


y developing wireless technology, Marconi paved the way 
y the modern electronic achievement known as telemetry. 
atermedics has applied this achievement to cardiac 
acemaker technology. It is available in the CyberLith. 


Telemetry allows you to non- 
invasively monitor and clini- 
cally evaluate the functioning 
of the multi-programmable 
CyberLith pacing system. 
This monitoring capability, 
and the therapeutic flexibility 
of the CyberLith, combine to 
provide the most complete 
pacing system available. 


CyberLith 


Multi-Programmable 
C-MOS Model 253-01 


Intermedics Inc. 
FREEPORT, TEXAS 
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Or the first time, one pacemaker, the 
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iftteen Pacing Rates 

'ogrammable pacing rates, from 30 to 120 ppm, offer 

ju maximum versatility in meeting the changing needs 
‘your patients. 


fteen Pulse Widths 
choice of pulse widths from C. 15 to 2.29 msec assures 
fective pacing for each patient. 
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Seven Sensitivity Levels 

Precise sensitivity adjustments are possible to respond to 
varying clinical situations. 


" 


t nree racing ivlodes 
You may choose the mode best suited to your patient's 
condition and environment without the need for 
surgical intervention. The modes available are: 
R-wave inhibited (demand)— asynchronous (fixed 
rate)—R-wave synchronous (demand). 
lelemetric 
Communication 
CyberLith telemetry makes 
possible more accurate esti- 
mation of the pacemaker’s 
remaining service life. 
Battery voltage, battery 
impedance, electrode lead 
impedance, and exact 
timing of sensing and pacing events can all be determined ` 
for detailed evaluation. 





Fail-Safe Programming 

A battery powered (rechargeable) portable Programmer 
gives you the flexibility to alter the CyberLith’s pro- 
grammable features individually or simultaneously. In 











addition, the Programmer’s design makes accidental Intermedics Pulse Generators w 


rogramming virtually impossible. And instantaneous | E. 
us : INDICATIONS FOR USE Implantable cardiac pulse generators — ^ 










reprogramming to original nominal eS por may be indicated for long-term treatment of impulse formation or A 
can be accomplished by depressing a single button. conduction disorders resulting in symptomatic bradyarrhythmias, — 
| tachyarrhythmias, and heart block unresponsive to drug therapy. 1 F 
The CyberLith is making History. Now. PRECAUTIONS Implanted pacemakers have a finite and relatively E 
: ug Med idely variable service life as a result of factors as the initial ca | 
Please contact your Intermedics representative for more XUL ond heditifoeue tima ofthe tanic vo 
complete information on the many advantages of variations in electrode system resistances, stimulation rate, and the per- 
CyberLith therapeutic pacing. At Intermedics, we are E M eae pacemaker is inhibited; and random ele P. 
producing tomorrow's technology today, because Pacemaker operation can be influenced by electric, magnetic, or e ec- 
OUR BUSINESS IS LIFE. tromagnetic energy mimicking normal cardiac activity. In addition, cer- 
| tain environmental sources can couple sufficient energy into a pacemaker 


mage 
do not exceed federal guidelines for leakage (0.5 mW /cm' at 2.5 cm fror 
the appliance) will not affect the pacemaker, but leakage in excess of tha 
amount may cause interference. Certain electrical and gasoline-powe: 
appliances can cause inhibition of an implanted cardiac pacemaker 
system. 


For complete precautions, see the Physician's Manual for the Inter 3 
medics cardiac pulse generator to be used. t 


CONTRAINDICATIONS AND SIDE EFFECTS There are no 3 
known contraindications to the use of pacemakers as a medical method 
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a 72 : Set i for control of heart rate. Body rejection phenomena, local tissue y 
Free limited-edition print offer domo. es ret REA al ae 
from Intermedics, Inc. : cardiac tamponade have been reported. i, 


_ The Guglielmo Marconi original water color shown on 
_ the first page of this ad is the second in a series commis- 
sioned by Intermedics. A limited-edition print, num- 
bered and signed by artist Ron Adair, is being made 


Intermedics Inc. 








available by Intermedics to physicians only. To obtain PO. Bac 617 Freeport, Texas 77541 | 
your print please write to Marketing Administration, Tel: (713) 233-8611 a 
Intermedics, Inc., PO. Box 617, Freeport, Texas 77541. Toll free: 1-800-231-2330 t 
Note: | | 4 
ii hie te m undergoing clinical evaluation and is not routinely available Our busin ess is lif e. 1 


(Intermedics, Inc., November, 1978 UM 
CyberLith is a trademark of Intermedics, Inc. a 
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In the course of cardiac edema 
a patient may need more 
than the usual 40 mg dose of 
Lasix.® It is for this patient 
that we formulated the new 
Lasix 80 mg tablet. 


Impaired renal function—associated with the 
more severe degrees of congestive heart 
failure—can greatly reduce the effectiveness 
of diuretic therapy. What is often required to 
provide effective saluresis for such patients is 
a loop diuretic. 


The new Lasix 80 mg provides a convenient 
dosage unit to achieve the necessary saluresis. 
And, it offers greater patient compliance and 


can result in significant savings. 





Lasix Tablets Prescribing Guide Usual adult 
daily dose: 20 to 80 mg given in morning. Dos- 
age may be increased by increments of 20 to 40 
mg not sooner than 6 to 8 hours after previous 
dose. May be carefully titrated up to 600 


mg/day in severe clinical edema patients. 


Therapy should be individualized according to 
patient response. As with any diuretic, electro- 
lyte depletion can occur during therapy with 


furosemide. When doses exceeding 80 mg/day 
are given for prolonged periods, careful 
clinical and laboratory observations are 


recommended. 


Please consult brief summary of prescribing 
information below. 


aa 


Lasix® (furosemide) 


A brief summary of the Prescribing Informa- 
tion for Lasix (furosemide) Tablets 20, 40 
and 80 mg. 


Warning: Lasix (furosemide) is a potent 
diuretic which, if given in excessive 
amounts, can lead to a profound diuresis 
with woter and electrolyte depletion. There- 
fore, careful medical supervision is required, 
and dose and dose schedule have to be 
adjusted to the individual patient's needs. 


Indications: Edema associated with conges- 
tive heart failure, cirrhosis of the liver, and 
renal disease, including the nephrotic syn- 
drome. Hypertension when used alone or in 
combination with other antihypertensive 
drugs; patients not adequately controlied 
with thiazides also probably will not be 
adequately controlled with furosemide alone. 


Contraindications: Because animal repro- 


ductive studies have shown that furosemide 
may cause fetal abnormalities, the drug is 
contraindicated in women of childbearing 
potential. Anuria. History of hypersensitivity 
to the compound. 

Warnings: Excessive diuresis may result in 
dehydration and reduction in blood volume, 
with circulatory collapse and with the 
possibility of vascular thrombosis and erm- 
bolism, particularly in elderly patients. Ex- 
cessive loss of potassium in patients receiv- 
ing digitalis glycosides may precipitate dig- 
italis toxicity. Exercise care in patients re- 
ceiving potassium-depleting steroids. Per- 
form frequent serum electrolyte, CO2, and 
BUN determinations during first few months 
of therapy and periodically thereafter, and 
correct abnormalities or temporarily withdraw 
the drug. Initial therapy of patients with he- 
patic cirrhosis and ascites is best carried cut in 
the hospital. Closely observe cirrhotic patients 
for sudden fluid and electrolyte imbalances 


that may precipitate hepatic coma. Supple- 
mental potassium chloride and, if required, 
an aldosterone antagonist are helpful in pre- 
venting hypokalemia and metabolic al- 
«alosis. Discontinue furosemide if increasing 
azotemio and oligurio occur curing treatment 
of severe, progressive renal disease Observe 
patients regularly for possible blood dys- 
crasias, liver'damage, or other idiosyncratic 
reachons. -Patients with known sulfonamide 
sensitivity may show allergic reactiens. 
Furosemide may potentiate the therapeutic ef- 
fect cf other antihypertensive agents Potenti- 
atiomoccurs with ganglionic or peripneral ad- 
renergic blocking drugs. Exacerbatien or ac- 
tivatien of systemic lupus erythematosus 
may occur. Furosemide appeors in breast 
milk. If use of the drug is essential, tne po- 
tient should stop nursing. Cases of tinnitus 
and reversible hearing impairment have been 
reported. 

Thereshave also been some reports ef cases 


in which irreversible hearing impairment oc- 
curred. Usually ototoxicity has been reported 
when furosemide was injected rapidly in pa- 
tients with severe impairment of renal func- 
tion at doses exceeding several times the 
usual recommended dose and in whom 
other drugs known !o be ototoxic were given 
If the physician elects to use high-dose por- 
enteral therapy in patients with severely im- 
paired renal function, controlled intravenous 
infusion is advisable. (For adults, an infusion 
rate not exceeding 4 mg furosemide per 
minute has been used.) 

Precautions: As with any effective diuretic, 
electrolyte depletion may occur, especially in 
patients receiving higher doses and a re- 
stricted salt intake. Patients receiving furo- 
semide should be observed for clinical signs 
of fluid or alectrolyte imbalance, namely, 
hyponatremia, hypochloremic alkalosis, and 
hypokalemia. Serum and urine electrolyte de- 
terminations are particularly important when 


- BECAUSE IN CARDIAC EDEMA... 
THERE IS A POINT AT WHICH A GOOD DRUG 
BECOMES AN INVALUABLE ONE 


the patient is vomiting excessively or receiv- 
ing parenteral fluids. Medication such as dig 
italis may also influence serum electrolytes 
Hypokalemia may develop with furosemide 
as with any other potent diuretic, especially 
with brisk diuresis, when Cirrhosis is present 
9r during concomitant use of Corticosteroids 


or ACTH. Interference with adequate oral elec- 


trolyte intake will also contribute to 
hypokalemia. Digitalis may exaggerate 
metabolic effects of hypokalemia, especially 
with reference to myocardial activity 
Asymptomatic hyperuricemia can occur and 
gout may rarely be precipitated. Increases in 
blood glucose and alterations in glucose 
tolerance tests with abnormalities of the fast 
ing and two-hour postprandial sugar have 
been observed, and rare cases of precipita- 
tion of diabetes mellitus have been reported 
Furosemide may lower serum calcium levels 
and rare cases of tetany have been reported 


Periodic serum calcium levels should be ob- 


tained. Reversible elevations of BUN may be 


seen. These have been observed in associa- 
tion with dehydration, which should be 
avoided, particularly in patients with renal in- 
sufficiency. Patients receiving high doses of 
salicylates in conjunction with furosemide 
may experience salicylate toxicity at lower 
doses because of competitive renal excretory 
Furosemide has a tendency to an- 


potentiate the action of succinylcholine 
Lithium generally should not be given with 
diuretics because they reduce ifs renal clear 
ance and odd a high risk of lithium toxicity 
Diuretics such as furosemide may enhance 
the nephrotoxicity of cephaloridine. There 
fore, furosemide and cephaloridine should 
not be administerec simultaneously. Furo- 
semide may decrease arterial responsive 
ness to norepinephrine. This diminufion is 
not sufficient to preclude effectiveness of the 
pressor agent for therapeutic use 


Adverse Reactions: Anorexia, oral and gas 
tric irritation, nausea, vomiting, cramping 
diarrhea, constipation, jaundice 

patic jaundice), pancreatitis, dizziness, ver 
tigo, paresthesias, headache, xanthopsia 
blurred vision, tinnitus and hearing loss 
anemia, leukopenia, agranulocytosis (rare) 
thrombocytopenia, aplastic anemia (rare) 
purpura, photosensitivity, rash, urticaria 
necrotizing angiifis (vasculitis, cutaneous 
vasculitis), exfoliative dermatitis, enyfhema 
multiforme, pruritus. Orthostatic hypotension 
may occur and moy be exaggerated by aic 
hol, barbiturates, or narcotics. Other adverse 
reactions include hyperglycemia, glycosuria 
hyperuricemia, muscle spasm, weakness 
restlessness, urinary bladder spasm, throm- 
bophiebitis 
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. Stress t sting, 
it’s beyond 





. run-of-the-mill. 


The new Model 3100 ExerStress Analyzer 
—the most comprehensive stress test data 
display and documentation system available. 


The Model 3100 provides three real-time 
ECG traces, three trend traces, plus digital 
displays of elapsed time, heart rate, ST level, 
and a choice of ST slope or integral. Its 31⁄2 
channel chart-paper recorder automatically 
writes out your choice of 12-lead, XYZ, CM, 
or monitor leads, and whenever pre-selected 
auto-write criteria are exceeded. 


Available options include the automatic 
detection and display of systolic and diastolic 
blood pressures, pre-exercise and exercise 


ATLANTA (404) 952-0612 
BALTIMORE (301) 265-1320 
BOSTON (617) 942-0230 
CHARLOTTE (704) 373-1206 
CHICAGO (312) 956-6520 
CINCINNATI (513) 874-8600 
CLEVELAND (216) 886-4063 
DALLAS (214) 350-5881 
DENVER (303) 344-5101 
DETROIT (313) 559-6863 
HOUSTON (713) 692-3122 
IRVINE (Home Office) (714) 549-1500 
KANSAS CITY (816) 373-1117 
LONG ISLAND (516) 482-7690 
LOS ANGELES (213) 640-2282 
MIAMI (305) 981 -0405 
MINNEAPOLIS (612) 854-8726 
NEW ORLEANS (504) 837-7510 
NEW YORK (203) 966-4560 
PHILADELPHIA (215) 265-8548 
PHOENIX (602) 275-2451 
PITTSBURGH (412) 344-4484 
ROCHESTER (716) 328-2660 
SAN DIEGO (714) 225-0465 
SAN FRANCISCO (415) 349-9102 
SEATTLE (206) 246-4430 

ST. LOUIS (314) 739-8151 
TAMPA (813) 879-8280 
EUROPE 720-7405 Telex 61791 
AVONIX B (Brussels, Belgium) 


ECG complexes, an alphanumeric 
charter/printer documenting up to 10 stress 
test parameters, and a treadmill programmer. 


All data is automatically documented on 81⁄2 
by 11-inch format, providing a comprehensive 
record of the entire stress test. 


And, the Model E-16 Series Treadmills 
complement the advanced technology of 

the new Model 3100. These safe, rugged 
treadmills provide remote control features 
with velvet smooth operation from zero speed. 
So, if you're looking for the latest in ECG 
stress testing equipment, look to Del Mar 
Avionics. Being first has kept us first. 
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INDERAL i 
propranolol hydrochloride) 


PERFORMANCE IN | 
CARDIAC ARRHYTHMIAS 


EFFECTIVE ALONE OR IN COMBINATION 


o 











INDERAL (propranolol hydrochloride): Successful treatment 
of supraventricular arrhythmias for over 10 years 

INDERAL, used aloneor incombination with other antiarrhythmics, has improved 
or resolved a variety of supraventricular arrhythmias.*’ 


INDERAL alone: Results of use against atrial tachyarrhythmias in one series 
have recently been reported: 


Arrhythmia Proportion deriving benefit 


| Complete Partial 


Sinus tachycardia 86 5996 2296 
Atrial tachycardia (including paroxysmal type) 154 6196 19% 
Atrial flutter 50 54% 32% 
Atrial fibrillation 139 53% 26% 





Adapted from Coodley and Snyder? 


INDERAL is particularly effective in therapy of supraventricular tachyarrhyth- 
mias? It slows depolarization of sinus and ectopic pacemaker cells, and retards 
impulse-conduction in the atria and across the AV node.*:°™ In cases where it 
cannot restore normal sinus rhythm, INDERAL is frequently effective in reducing 
the ventricular rate.^332:44 |NDERAL may prevent recurrent supraventricular 
tachyarrhythmias when digitalis and quinidine fail to do so? In addition, 


INDERAL is a useful short-term adjunct for arrhythmias of thyrotoxicosis, when 
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used with specific therapy. Since INDERAL may mask the clinical signs of 
hyperthyroidism, abrupt withdrawal should be avoided to prevent exacerbation 
of the symptoms of hyperthyroidism. 

And in combination: INDERAL has also been used to complement the 
actions of other antiarrhythmic agents 3559.5 The combination of INDERAL and 
quinidine has suppressed supraventricular arrhythmias that have not responded 
to either drug alone.?? 

When toxic doses of digitalis glycosides occasionally fail to control the 
ventricular rate in patients with atrial fibrillation or flutter, addition of INDERAL to 
a digitalis glycoside, with reduction of the digitalis dosage, may prolong AV 
conduction to the point where satisfactory control of ventricular rhythm is 
established? 


INDERAL: Often effective in tachyarrhythmias of digitalis 


intoxication ^?191^ |NDERAL has been found useful in the treatment of 
certain digitalis-induced arrhythmias that persist following discontinuation of 
digitalisand correction of electrolyte disturbances, particularly hypokalemia. Its 
useinthis setting may be limited by the presence of significant congestive failure 
or heart block, and the development of severe bradycardia. (Please see prescrib- 
ing information on the next page for "Overdosage or Exaggerated Response.’) 
INDERAL is contraindicated in sinus bradycardia, greater than first degree 
heart block, and congestive heart failure unless the failure is secondary to 
tachyarrhythmias treatable with INDERAL. (See prescribing information for 
complete list of CONTRAINDICATIONS,) A c 
Please see next page for prescribing information. yerst. 
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[- atront usc INDERA Y Em HYDROCHLORIDE], THE 
|? HYSICIAN SHOULD BE Lita se FAMILAR WITH THE BASIC 
. CONCEPT OF ADRENERGIC RECEPTO TW AND BETA), AND THE 
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l __PHARMACOLOGY OF THIS DRUG. 
ONS: INDERAL is a beta- halved receptor lodi "E possessing no 



























gic receptor stimulating agents for available beta receptor sites. 
ress to beta receptor sites is blocked by INDERAL, the chronotropic. 
X. coa E t0 beta-adrenergic sumaation are decreased 


co eei from the gastrointestinal tract, but 
the liver. Peak effect occurs in one to one and 
1s approumately ‘two. to three hours. 
dalnabe Ther is no simple correlation between 
exer devel and “i da effect, and the dose-sensitwity range as 
An clinical practice is wide. The pnncipal reason for this is that 
thetic tone vanes widely between individuals. Since there is no rehable test 
imate sympathetic tone or to determine whether total beta blockade has 
achieved, proper dosage requires utration. - 
receptor blockade. pees in conditions in which, because of pathologic 


ental 10 |  panent. | : there are also situations im which sympathetic 
ation is vital. For e example, in patients with severely damaged hearts, 
St Hn EnA maintained by virtue of sympathetic drive which 

(tese in ent presence of AV block, beta blockade may prevent the 
ct of f sympathetic activity on conduction. Beta blockade 


preserve d in patients subject to bronchospasm. 
ve of beta blockade therapy is to decrease adverse 
eae to the degree that may impair necessary 
Is an i mic effects in concentrations associated with 
nergic blockade and t NS appears to be its principal antiarrhythmic 
sem Y acuon. The membrane effect also plays a role, particularly. some 
es believe, 4n dignalis-induced arrhythmias. Beta-adrenergic blockade is 
age ce in the management of arrhythmias due to increased levels 
Na cholamines or enhanced sensitivity of the heart to catechola- 
yt associated with pheochromocytoma, thyrotoxicosis. exer- 


dosages greater than required for beta blockade, INDERAL also exerts a 
ike or anesthetic-lke membrane action which affects the cardiac action 
and Len cardiac function. 
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ysma xh poceft particularly those arrhythmias induced by 
atecholamines or digitalis or associated with the Walff-Parkinson-White 

A E drome. (See W-P-W under WARNINGS | 

KU 9] Persistent sinus tachycardia which is noncompensatory and imparts the 

all-being of the patient. = 

Hg: Tachycardias and arrhythmias due to thyrotoxicosis when causing distress 

y or increased fazard and when immediate effect is necessary as adjunctive, 

- Short term (2-4 weeks) therapy. 

p n be used with, but not in place of, specific therapy. [See Thyrotoxicosis 

- under WARNINGS. | 

Y di Persistent atrial extrasystoles which impair the well-being of the patient 

= and do not respond to conventional measures. 

-. e) Amal flutter and fibnilation when ventricular rate cannot be controlled by 

.. üigitalis alone: or when digitalis is contraindicated. 


2, Ventncular tachycardias 

Tahoe arrhythmias do not respond to propranolol as predictably as do the 
XX éntriculér arrhythmias. 

ET a) inei tachycardias 
Wit ith the exce n of those induced by catecholamines or digitalis, INDERAL 
; Aot the drug of first choice. In cnücal situations when cardioversion 
eches or other drugs ate not indicated or are not effective, INDERAL may 
ne considered. M, after consideration of the nsks involved. INDERAL is used, 
“i shoul be gwen intravenously in low dosage and very slowly. (See DOSAGE 
AND ADMINISTRATION.) Care in the administration of \NDERAL with 
A. onsiant electrocardiographic monitoring is essential as the tailing heart 
uies some sympathetic druve for maintenance of myocardial tone. 

-b] Persistent premature ventricular extrasystoles which do not respond to 
conventional measures and impair the well- being of the patient. 


3) achyarhythmias of digitalis intoxication 
- M. digitahs-nduced tachyarthythmias persist following discontinuance of 
E Italis and correction of electrolyte abnormalities, they are usually reversible 
th oval INDERAL. Severe bradycardia may occur. (See OVERDOSAGE OR 
. EXAGGERATED RESPONSE | 


Wa ravenous propranolol hydrochloride ıs reserved for life-threatening arrhyth- 
. Temporary maintenance with oral therapy may be indicated. (See 
- 0st AND ADMINISTRATION | 


4 4.) Restant tachyarrhythmias due to excessive catecholamine action during 
. anesthesia 

- facanhythmas due to excessive catecholamine action during anesthesia 
‘May sometimes anse because of release of endogenous catecholamines or 
administration of catecholamines, When usual measures fail in such 
arrhythmias, INDERAL may be given intravenously to abolish them. All general 
inhalation anesthetics produce some degree of myocardial depression. 
Therefore, when INDERAL is used to treat arrhythmias during anesthesia, 1t 
.. should be used with extreme caution and constant ECG and central venous 
Ec ppi monitoring. (See WARNINGS.) 
























tere nervous system activity. |t specifically competes with 


activity I$ excessive of inar propriate and- 


Hypertrophic Subaertie Stenosis: INDERAL Is a. in the management of | 


hypertrophic subaortic stenosis, t for treatment of exertional or other 
stress-induced - angina, eae e INDERAL also improves 
exercise performance. An this disease appears 10 be 
due to a reduction of ibreleniad out re gradient which is exacerbated 
by beta receptor Stimulation. pse may be temporary. 


Pheochromocytoma: Aher primary Meatment with an alpha-adrenergic blocking 
agent has been instituted, INDERAL may be useful as agjunctive therapy it the 
control of tachycardia becomes necessary before or during surgery. 

It is hazardous to use INDERAL. (propranolol hydrochlaride] unless alpha- 
adrenergic blocking drugs are already in use, since this would predispose to 


serious blood pressure elevation. Blocking only the peripheral dilator (beta) action 


of epinephrine leaves its constrictor (alpha) action unopposed. 

In the event of hemorrhage or shock, there is a disadvantage in hanog both 
beta and alpha blockade since the combination prevents the increase in heart 
rate and penpheral vasoconstnction needed to maintain blood pressure. 

With inoperable or metastatic pheochromocytoma, INDERAL may be useful as 
an adjunct to the management of symptoms due to excessive bela receptor 


- stimulation. 


CONTRAINDICATIONS: INDERAL ts contraindicated in: 1) bronchial asthma; 
2) allergic rhinitis during the pollen season; 3) sinus bradycardia and greater than 
first degree block; 4) cardiogenic shock, 5] night ventricular failure secondary to 
pulmonary hypertension, 6) congestive heart failure (see WARNINGS) unless the 
failure is secondary to a tachyarrhythmia treatable with INDERAL; 7) in patients 
on adrenergic-augmenting psychotropic drugs {including MAO inhibitors). and 
during the two week withdrawal period from such drags. 


WARNINGS: CARDIAC FAILURE. Sympathetic stimuiation is à vital component 
Supporting circulatory function in congestive heart failure, and inhibitier with 
beta-blockade always carnes the potential hazard of further depressing 
myocardial contractility and precipitating cardiac taure. INDERAL acts selec- 
tively without abolishing the inotropic action of digitalis on the heart muscle (; 2. 

that of supporting the strength of myocardial contractions). In patients already 
receiving digitalis, the positive inotropic action of digitalis may be reduced by 
INDERAL's negative inotropic effect. The effects of INDERAL and digitalis are 
additive in depressing AV conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE. continued 
depression of the myocardium over a period of ume can. in some cases, lead to 
cardiac failure. In rare instances, this has been ebserved during INDERAL 
therapy. Therefore, at the first sign or symptom of impending cardiac failure, 
patients should be fully digitalized and/or given a diuretic, and the response 
observed closely: a) if cardiac failure continues, despite adequate digitalization 
and diuretic therapy, INDERAL therapy should be immediately withdrawn: bj if 
tachyarrhythmia is being controlled, patients should be maintained on combined 
therapy and the patient closely followed until threat of cardiac failure is over 


IN PATIENTS WITH ANGINA PECTORIS. there have been reports of 
exacerbation of angina and, im some cases, myocardial infarction, 
following abrupr discontinuation of INDERAL therapy. Therefore, when 
discontinuance of INDERAL is planned the dosage should be gradually 
reduced and the patient carefully monitored In addition, when 
INDERAL is prescribed for angina pectoris, the patient should be 
cautioned against interruption or cessation of therapy without the 


physician's advice. If INDERAL therapy is interrupted anc exacerbation 
of angina occurs, it usually is advisable to reinstitwte INDERAL therapy 
and take other measures appropriate for the management of unstable 
angina pectoris. Since coronary artery disease may be unrecognized, it 
may be prudent to follow the above advice in patients considered at risk 
of having occult atherosclerotic heart disease, who are given 
propranolol for other indications. 





IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long 
term use have not been adequately appraised. Specia! consideration should be 
given to propranolol’s potential for aggravating eongestve heart failure. 
Propranolol may mask the clinical signs of developing or continuing hyperthy- 
roidism or complications and give a false impression af improvement. Therefore, 
abrupt withdrawal of propranolol may be followed by an exacerbation of 
symptoms of hyperthyroidism, including thyroid storm. This is another reason for 
withdrawing propranolol slowly. Propranolol does no! distort thyroid function 
tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases 
have been reported in which, after propranolol, the tachycardia was replaced by a 
severe bradycardia requiring a demand pacemaker. In one case this resulted after 
an initial dose of 5 mg propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine 
release for maintenance of adequate cardiac function, beta blockade will impair 
the desired inotropic effect. Therefore, INDERAL should'be titrated carefully when 
administered for arrhythmias occurring during anesthesia 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade impairs. the 
ability of the heart to respond to reflex stimuli. For this reason, with the exception 
of pheochromocytoma, INDERAL should be withdrawn 48 hours prior to surgery, 
at which time all chemical and physiologic effects are gone according to available 
evidence. However, in case of emergency surgery, since INDERAL is a competitive 
inhibitor of beta receptor agonists, its effects can be reversed by administration 
of such agents, e.g.. isoproterenol or levarterenol. However. such patients may 
be subject to protracted severe hypotension. Difficulty in restarting and. 
maintaining the heart beat has also been reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g, CHRONIC 
BRONCHITIS, EMPHYSEMA), INDERAL should be administered with caution 
since 1t may block bronchodilation produced by endogenous and exogenous 
catecholamine stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA. Because of its 
beta-adrenergic blocking activity, INDERAL may prevent the appearance of 
premonitory signs and symptoms [pulse rate and pressure changes) of acute 
hypoglycemia. This is especially important 10 keep in mind in patients with labile 
diabetes. Hypoglycemic attacks may be accompanied by a precipitous elevation 
of blood pressure. 

USE IN PREGNANCY. The safe use of INDERAL in human pregnancy has not 
been established. Use of any drug in pregnancy or women of childbearing 
potential requires that the possible nsk to mother and/or fetus be weighed 
against the expected therapeutic benefit. Embryotoxic effects have been seen in 
animal studies at doses about 10 times the maximum recommended human 
dose. : 





PRECAUTIONS: Patients r Na capu. CINES drugs uiu 
reserpine should be closely observed if INDERAL is administered. The ‘added 
catecholamine blocking action of this drug may then produce an excessive 
reduction of the resting sympathetic nervous activity. Occasionally, the 
pharmacologic activity of INDERAL may produce hypotension and/or marked 

bradycardia resultmg in vertigo, syncopal artacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory parameters 
should be observed at regular intervals. The drug should be used with caution in 
patients with impaired rena’ or hepatic funcion. 


ADVERSE REACTIONS: Cardiovascular. bradycardia; congestive heart failure; 
intensification of AV block; hypotension paresthesia of hands; arterial 
insufficiency, usually of the Raynaud type: trombocytopenie purpura 

Central Nervous System: lightheadedness. mental depression manifested by 
insomnia, lassitud2, weakness, fatigue; reversible mental depression progressing 
to catatoma; visual disturbances; hallucinations; an acute reversible syndrome 
charactenzed by disorientation for time anc place, short term memory loss, 
emotional lability, slightly clouded sensorium, and decreased performance on 
neuropsychometrics 

Gastrointestinal. nausea, vomiting. epigastric distress, abdominal cramping, 
diarrhea. constipation, mesenteric arterial thrombosis, ischemic colitis 

Allergic. pharyngitis and agranulocytosis, erythematous rash, fever combined 
with aching and sore throat. laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocyto- 
penic purpura 

Miscellaneous- reversible alopecia. Oculomucocutaneous reactions involving 
the skin. serous membranes and conjunctwae reported for a beta blocker 
(practolol) nave net been conclusively associated with propranolol. 

Cimucal Laboratory Test Findings: Elevated blood urea levels in patients with 
severe heart disease, elevated serum transaminase, alkaline phosphatase, lactate 
dehydrogenase 
DOSAGE AND ADMINISTRATION: The dosage range for INDERAL 
qn hydrochloride) is different for each indication. 


MEM A 30 mg three or four times daily, before meals and at 
bedtime. 

HYPERTROPHIC SUBAORTIC STENOSIS — 20-40 mg three or four times daily, 
before meals and at bedtime. 

PHEOCHROMOL YIOMA—Preoperatvely—B0 mg daily in divided doses for 
three days prior to surgery, concomitantly with an alpha-adrenergic blocking 
agent. 

—Management of noperable rumor— 30 mg daily in divided doses. 

PEDIATRIC DOSAGE: At this time the data on the use of the drug in this age group 
are too limited to permit adequate directions for use. 

INTRAVENOUS: In:ravenous administration is reserved for life-threatening 
arrhythmias or those occurring under anesthesia. The usual dose is from 1 to 3 
mg administered under careful monitoring, €g., electrocardiographic, central 
venous pressure. The rate of administration shou'd not exceed 1 mg (1 ml) per 
minute to diminish the possibility of lowering blood pressure and causing cardiac 
standstill. Sufficient time should be allowed for the drug to reach the site of 
action even when e slow circulation is present. If necessary, a second dose may - 
be given after two minutes. Thereafter, additional drug should not be given in less 
than four hours. Additional INDERAL should not be given when the desired 
alteration in rate and/or rhythm is achieved. 

Transference to oral therapy should be made as soon as possible. 

The intravenous administration of INDERAL has not been eed 
adequately m the management of hypertensive emergencies. 


OVERDOSAGE OR EXAGGERATED RESPONSE: 
IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING 
MEASURES SHOULD BE EMPLOYED- 
BRADYCARDIA—ADMINISTER ATROPINE (0.25 to 1.0 mg): IF THERE Is NO 
RESPONSE 70 VAGAL BLOCKADE. ADMINISTER ISOPROTERENOL CAUTIOUSLY, — 
CARDIAC FAILURE —DIGITALIZATION AND DIURETICS. , 
HYPOTENSION—VASOPRESSORS, e.g., LEVARTERENOL OR PLE. 
(THERE IS EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE] — 
BRONCHOSPASM—ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE 


| HOW SUPPLIED: INDERAL (propranolol hydrochloride) 


TABLETS 

No. 461—Each scored tablet contains 10 mg of propranolol hydrochloride, 4^ 
bottles of 100 and 1,000. Also in unit dose package of 100. 

No. 462— Each scored tablet contains 20 me of propranolol hydrochloride, in 
bottles of 100 and 1,000. Also in unit dose package of 100. — 

No. 464—Each scored tablet contains 40 mg of propranolol hydrochloride, in 
bottles of 100 and 1,000. Also in unit dose package of 100. 

No. 468—Each scored tablet contains 80 mg of propranolol hydrochloride, in 
bottles cf 100 and 1,000. Also in unit dose package of 100. 


INJECTABLE . 
No. 3265—Eath m contains 1 mg of propranolol hydrochloride in Water for — 


Injection. The pH is adjusted with citric aerd. Supplied as: 1 ml ampuls in 

boxes of 10. | 
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p blush-type coating). The result is a lighter weight coating that: : . THERMAPRINT *™™ paper produces a black (not blue) trace of 
e Requires minimum heat. exceptionally sharp definition with superior archival qualities. 
| * Minimum torque to drive stylus. e THERMAPRINT "" paper is whiter — enhances the black 
. e Eliminates stylus build-up. image for more precise trace analysis. 


* Versatile — Analog trace and digital information can be 
imaged on the same recording. 

) e Least abrasive — reduces stylus and print head wear and, 
allows greater recorder frequency response. 

* THERMAPRINT '™ paper black trace reproduces more 
accurately on photocopy machines than conventional blue 
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44 Franklin Street, Nashua, New Hampshire 03061 / (603) 880-2323 
100 East Kinney Street, Newark, New Jersey 07105 / (201) 589-5970 
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LANOXIN® 


(DIGOXIN) 


ELIXIR PEDIATRIC 50 mcg (0.05 mg) per cc 


INDICATIONS: 
1. Congestive heart failure: Congestive heart failure, all degrees, is the primary indication. The 
increased cardiac output due to digoxin results in diuresis and general amelioration of the disturbances 
p of right (venous congestion, edema) and left (dyspnea, orthopnea, cardiac asthma) 

eart failure. 

Digoxin, generally, is most effective in "low output" failure and less effective in "high output" 
(bronchoptimonary insufficiency, infection, hyperthyroidism) heart failure. 

Digoxin should be continued after heart failure is abolished unless some known precipitatin 
factor is corrected. | 


2. Atrial fibrillation: Atrial fibrillation, especially when the ventricular rate is elevated. Digoxin 
rapidly reduces ventricular rates and eliminates the pulse deficit. Palpitation, precordial distress or 
weakness are relieved and any concomitant congestive failure ameliorated. Digoxin should be 
continued in doses necessary tc maintain the desired ventricular rate and other clinical effects. 


3. Atrial flutter: Digoxin slows the heart and regular sinus rhythm may appear. Frequently the 
flutter is converted to atrial fibrillation with a slow ventricular rate. Stopping digoxin at this point 
may be followed by restoration of sinus rhythm, especially if the flutter was of the paroxysmal 
type. It is preferable, however, to continue digoxin if failure ensues or if atrial flutter is a frequent 
occurrence. 


4. Paroxysmal atrial tachycardia: Oral digoxin may be used, especially if the condition is resistant 
to lesser measures. Depending on the urgency, a more rapid acting parenteral preparation may 
be preferable to initiate digitalization, although if heart failure has ensued or paroxysms recur 
frequently, digoxin should be maintained by oral administration. 

Digoxin is not indicated in sinus tachycardia unless due to heart failure. 
5. Cardiogenic shock: The drug is often employed, especially when the condition is accompanied 
by pulmonary edema. Digoxin seems to affect adversely shock due to septicemia from gram- 
negative bacteria. 
CONTRAINDICATIONS: The presence of toxic effects (see ADVERSE REACTIONS section) in- 
duced by any digitalis preparation is a contraindication to all of the glycosides. 

fies though rare, does occur. It may not extend to all preparations, and another may be 
tried. 

Ventricular fibrillation. 


WARNINGS: 


Digitalis alone or with other drugs has been promoted for use in the treatment of obesity. 
This use of digoxin or other digitalis glycosides is unwarranted. Moreover, since they may 


cause potentially fatal arrhythmias or other adverse effects, the use of these drugs in the 
treatment of obesity is dangerous. 





Many of the arrhythmias for which digoxin is advised closely resemble those reflecting digoxin 
intoxication. If the possibility of digoxin intoxication cannot be excluded, cardiac glycosides should be 
temporarily withheld if permitted by the clinical situation. 

The patient with congestive heart failure may complain of nausea and vomiting. These symptoms 
may also be indications of digoxin intoxication. A clinical determination of the cause of these 
symptoms must be attempted before further drug administration. 

Patients with renal insufficiency require smaller than usual doses of digoxin. Newborn infants dis- 
play considerable variability in their tolerance to digoxin, depending on their degree of maturity. 

Premature and immature infants are particularly sensitive, and dosage must be reduced and 
pe poo should be even more individualized and cautiously approached than in more mature 
infants. Impaired renal function must also be carefully taken into consideration. 

Congestive heart failure accompanying acute glomerulonephritis requires extreme care in digitaliza- 
tion. A relatively low total dose administered in divided doses and concomitant use of anti- 
hypertensive drugs has been recommended. ECG monitoring is essential. Digoxin should be dis- 
continued as soon as possible. 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Patients with rheumatic carditis, oe when severe, are unusually sensitive to digoxin and 
prone to disturbances of mythm. If heart failure develops, digitalization may be initiated with 
relatively low doses; then it can be cautiously increased until a beneficial effect is obtained. If a 
io d ia does not result in improvement, the drug should be considered ineffective and be 

iscontinued. 

Note: Digitalis glycosides are an important cause of accidental poisoning in children. 


PRECAUTIONS: Atrial arrhythmias associated with hypermetabolic states are particularly resistant 
to ^ treatment. Care must be taken to avoid digoxin toxicity if digoxin is used to help the 
arrhythmia. 

Digoxin is not indicatec for the treatment of ventricular tachycardia unless congestive heart 
failure supervenes after a protracted episode not itself due to digoxin. 

Potassium depletion sensitizes the myocardium to digoxin and toxicity may develop even with 
usual dosage. Hypokalemia may also alter the rate of onset and intensity of the positive inotropic 
effect of digoxin. Therefore, it is desirable to maintain normal serum potassium levels in patients 
being treated with digoxin. 

Potassium wastage may result from diuretic or corticosteroid therapy, hemodialysis, and from 
suction of gastrointestinal secretions. It may accompany malnutrition, diarrhea, prolonged vomiting, 
old age, and long-standing congestive heart failure. In general, rapid changes in serum potassium or 
other electrolytes are to be avoided, and intravenous treatment with potassium should be reserved on 
for special circumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCE 
BY OVERDOSAGES section). 

Patients with acute myocardial infarction, severe pulmonary disease, or far advanced heart 
failure may be more sensitive to digoxin and more prone to disturbances of rhythm. 

Calcium affects contractility and excitability of the heart in a manner similar to that of digoxin. 
Calcium may produce serious arrhythmias in digitalized patients. 

In myxedema, the digoxin requirements are less because excretion rate is decreased and blood 
levels are significantly higher. 

In incomplete A-V block, especially in patients subject to Stokes-Adams attacks, advanced or 
complete heart block may develop if digoxin is given. Heart failure in these patients can usually 
be controlled by other measures and by increasing the heart rate. 

Patients with chronic constrictive pericarditis may respond unfavorably to digoxin. 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Renal insufficiency delays the excretion of digoxin and dosage must be adjusted accordingly in 
paons with renal disease. Note: This applies also to potassium administration should it become 
necessary. 

Electrical conversion of arrhythmias may require reduction of digoxin dosage. 
Dosage must be carefully titrated and differences in the bioavailability of parenteral preparations, 
elixirs, and tablets should be taken into account when switching patients from one preparation 


to another. 
' Electrocardiographic monitoring may be necessary to avoid intoxication. 
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LA VOX NEST TERNURA ee S NITET T TUN Ion, BU a era T ongation of PR i terval. eee Y " OA 
(DIGOXIN) — EET ADVERSE REACTIONS: | 
'Q 0.125 mg Scored (yellow), 1.D. Imprint Y3B dem 4 
TABLETS 0.25 mg Scored (white), |.D. Imprint X3A Gynecomastia: Uncommon. 
0.5 mg Scored (green), I.D. Imprint T9A Overdose or toxic effects in adults: 


Gastrointestinal: Anorexia, nausea, vomiting, diarrhea are the most common early symptoms of 


overdosages in the adult (but rarely conspicuous in infants). Uncontrolled heart failure may also — 


produce such 


ptoms. x 
Central ced system: Visual disturbances (blurred vision, yellow vision), headache, weakness, 


apathy. 
Cardiac disturbances (arrhythmias): Ventricular premature beats are the most common, except 
in infants and young children. Paroxysmal and nonparoxysmal nodal rhythms, atrioventricular (inter- 


ference) dissociation and paroxysmal atrial tachycardia (PAT) with block are also common arrhythmias ] 


due to digoxin overdosage. 
Conduction disturbances: Excessive slowing of the pulse is a clinical sign of digoxin overdosage. 


Atrioventricular block of increasing degree may proceed to complete heart block. Note: The — 


electrocardiogram is fundamental in determining the presence and nature of these cardiac toxic 
disturbances. Digoxin may also induce other changes (as of the ST segment), but these provide no 
measure of the degree of digitalization. 


Overdose or toxic effects in children: 
Toxic signs differ from the adult in a number of respects. Cardiac arrhythmias are the more 
reliable and frequent signs of toxicity. EN. 

Vomiting and diarrhea, neurologic and visual disturbances are rare as initial Signs. 

Premature ventricular S 


particularly are more common manifestations of toxicity in children. 
Ventricular arrhythmias are rare. MU 


TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE: Digoxin should be discontinued $ " 


until all signs of toxicity are abolished. Discontinuation may be all that is necessary if toxic 
manifestations are not severe and appear after the time for peak effect of the 


Potassium salts are commonly used. Potassium chloride in divided oral doses totaling 46 — 


grams for adults (see PEDIATRIC INFORMATION section for pediatric dosage) may be given 
provided renal function is adequate. 
When correction of the arrhythmia is urgent and the serum potassium level is low or normal, 


potassium should be administered intravenously in a solution of 5 percent dextrose in water. A total — — 
of 40-100 milliequivalents (30 milliequivalents per 500 milliliters) is given at the rate of 20 — — 


milliequivalents per hour unless limited by pain due to local irritation. 

Ver et amounts may be given if the arrhythmia is uncontrolled and the potassium well 
tolerated. 

Continuous electrocardiographic monitoring should be performed to watch for any evidence of 
potassium toxicity, e.g., peaking of T waves, and to observe the effect on the arrhythmia So that 
the infusion may be promptly stopped when the desired effect is achieved. 


Caution: Potassium should not be used and may be dangerous for severe or complete heart block 
due to digoxin and not related to any tachycardia. 


Other agents that have been approved for the treatment of digoxin intoxication include procainamide, | 


lidocaine, and propranolol. 


Pediatric Information: (See adult section for other recommendations for the treatment of arrhythmias 4 


produced by overdosages and for additional recommendations and cautions regarding the use of 
potassium.) Potassium preparations may be given orally in divided doses totaling 1-1.5 milliequiv- 
alents/kilogram (1 gram K contains 13.4 illisquivalents), When correction of the arrhythmia is urgent. 
approximately 0:5 milliequivalents/kilogram of potassium per hour may be given, with careful 
electrocardiographic monitoring, as a solution of 20 milliequivalents or less for 500 milliliters in 
5 percent dextrose in water. The total dose should generally not exceed 2 milliequivalents of 
potassium/kilogram. 


DOSAGE AND ADMINISTRATION: Oral digoxin is administered slowly or rapidly as required until x 
the desired therapeutic effect is obtained without symptoms of overdosage. The amount can be — 


oles are rarely seen; nodal and atrial systoles are more frequent. — 
Atrial arrhythmias, atrial ectopic rhythms, and paroxysmal atrial tachycardia with A-V block — 
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predicted approximately from the lean body mass of the patient with allowances made for excretion E 


during the time taken to induce digitalization. 


Subsequent maintenance dosage is also determined tentatively by the amount necessary t0 - 


sustain the desired therapeutic effect. 


Recommended dosages are practical average figures that may require considerable modification 3 


as dictated by individual sensitivity or associated conditions. Diminished renal function is the most E. 


important factor requiring modification of recommended or average doses. (See WARNINGS and - 1 


PRECAUTIONS sections.) 


The average amount of digoxin that patients must accumulate to be digitalized with digoxin — 


tablets is 1.0-1.5 milligrams. Digitalization may be accomplished by any of several approaches that — 
vary in dosage and frequency of administration, but reach the same endpoint in terms of total —— 


amount accumulated. 


In previously undigitalized patients, a single loading dose of 0.5-0.75 milligram orally usually in 


produces a detectable effect in 1-2 hours that becomes maximal in 6-8 hours. Additional doses of 
bi — may be given cautiously at 6-8 hour intervals to full digitalization. 
n previous 


centrations in about 7 days in patients with normal renal function. 


The average daily oral maintenance dose is 0.125-0.5 milligram, usually 0.25 milligram. In the l 


elderly patient, 0.125-0.25 milligram should be considered the average maintenance dose. 

in patients with renal impairment, digoxin excretion is impaired and serum half-life is prolonged. 
Digitalizing and maintenance doses are lower than those recommended for patients with normal renal 
functions. Signs of digoxin toxicity develop sooner in patients with renal impairment, and it takes longer 
for toxic signs and symptoms to disappear. Because of the prolonged half-life, a longer period of time 
is required to achieve an initial or new steady-state plateau in patients with renal impairment than in. 
patients with normal renal function. 


It cannot be overemphasized that the values given are averages and substantial individual variation 


can be expected. 


Children: Digitalization must be individualized. Generally, premature and immature infants are par- — 


ticularly sensitive, requiring reduced dosage that must be determined by careful titration. 


Oral Dosage. Beyond the immediate newborn period, children require proportionally greater doses à; 
than adults on the basis of body weight or surface area. The recommended oral digitalizing dosages — 


in children with normal renal function are: 

Newborn infants (normal), up to 1 month, require 40-60 micrograms (mcg)/kilogram. 

Infants, 1 month to 2 years, require approximately 60-80 micrograms (mcg)/kilogram. 

Children, 2 years to 10 years, require 40-60 micrograms (mcg)/kilogram. 

Children, over 10 years of v require adult dosages in proportion to their body weight. 

Maintenance therapy is 20-30 percent of the digitalizing dose administered each day. 

Long term use of digoxin is indicated in almost all infants who have been digitalized for acute 
congestive heart failure unless the cause is transient. Many favor maintaining digoxin until at least 
2 [e T - in all infants with paroxysmal atrial tachycardia or in those who show either definite 
or latent failure. 

Ba "d with severe inoperable congenital defects need digoxin throughout childhood and 
en for life. 


Burroughs Wellcome Co. 
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y undigitalized patients, institution of daily maintenance therapy (0.125-0.5 milligram, S 
see next paragraph) without a loading dose results in development of steady-state plateau con- - 
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No systematic correlation is available regarding the effect of heart rate 
on cardiac size and performance in man. Thus echocardiograms were — 


performed in 25 normal subjects at 10 beat increments of heart rate from 
50 to 150 beats/min during atrial pacing. Blood pressure as obtained with 


sphygmomanometer did not change significantly during pacing (group - 
mean systolic 125, diastolic 81 and mean 96 mm Hg). Left ventricular — 
end-diastolic dimension and end-systolic dimension decreased with in- — 
creasing heart rate from a group mean of 4.8 and 3.0 cm, respectively, 3 


at a rate of 70/min to 3.0 and 2.3 cm at a rate of 150/min. The percent 
reduction in left ventricular dimensions was linear and was related to heart 
rate as end-diastolic dimension = —0.0027 heart rate + 1.26, r = 0.90 


and end-systolic dimension = —0.0026 heart rate + 1.24, r = 0.72. Mean | 


fiber shortening velocity increased with a greater heart rate from 1.09 at 
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a rate of 70/min to 1.63 circumference/sec at a rate of 150 beats/min, — 


and the percent increase was also linearly related to rate as velocity — 


0.0047 heart rate + 0.56, r = 0.67. Echocardiographic shortening fraction - 


did not change during pacing (mean 0.38). Interventricular septal and 
posterobasal wall thickness measured at end-diastole increased with 
accelerated pacing rates from 9.2 and 8.7 mm, respectively, at a rate of 


70/min to 11.3 and 10.2 mm at a rate of 150/min. The percent increase - 


in septal and posterobasal wall thickness was linearly related to rate as _ 


septal thickness = 0.0036 heart rate + 0.66, r = 0.82 and posterobasal 
thickness = 0.0027 heart rate + 0.75, r = 0.70, respectively. Left atrial 
dimension diminished with increased pacing rate to a rate of 120/min 
but reached a plateau at rates of greater than 120/min. 

These data indicate that cardiac size is significantly affected by al- 
terations in heart rate. Although velocity of circumferential fiber shortening 
is augmented by accelerated heart rate, shortening fraction is not in- 
fluenced by changes in heart rate. These data provide guidelines by which 
to account for alterations in heart rate in the measurement of echocar- 
diographic variables of cardiac size and performance. 


January 1979 The American Journal of CARDIOLOGY Volume 43 á 1 $ 





5A - The ability of alterations in heart rate to influence 
~ Cardiac size and performance has been recognized for 


many years.!-* Thus, reductions in left ventricular size 


~ have been observed in response to increases in heart rate 
= in both experimental animals? and in man.?46 In ad- 
. dition, although not a universal finding, augmentation 
_ in the velocity and force of left ventricular contraction 
. has been reported in response to an increase in heart 


rate.?-? However, no data exist regarding the exact 


.. relation of changes in cardiac size and performance to 
. alterations in heart rate in man. 


The inability to delineate systematically the relation 


_ between changes in heart rate and those in cardiac size: 
. and performance in man has been primarily related to 


. the lack of a suitable technique for performing serial 


measurements of left ventricular dimensions and con- 
tractile pattern. However, the availability of echocar- 


= diography has provided a noninvasive technique for 


obtaining these measurements reliably at a variety of 


= heart rates. Further, it has enabled the repetitive 
— quantification of these variables in the absence of in- 
. terventions that would constitute additional variables 


= themselves, such as intracardiac contrast injections 


during cineangiography. 


The definition of the relation between heart rate and 


. cardiac size and performance in man would enhance the 


p^* >» 


ba M te 


knowledge of normal cardiac physiology. Further, be- 


. cause measurements obtained with echocardiography 


- are frequently utilized to assess cardiovascular status 
- inaclinical setting, the ability to eliminate the influence 


of heart rate would be a refinement in the application 
of this noninvasive technique. Therefore, the following 
study was undertaken to define systematically the in- 
fluence of alterations in cardiac frequency on ventric- 


= ular size and performance in man. 


Methods 


Subjects: Twenty-five asymptomatic clinically normal 
volunteers constituted the study group. There were 13 men 


. and 12 women who ranged in age from 22 to 31 years (mean 


. 26). All subjects underwent a screening history, physical ex- 


amination and electrocardiogram to exclude evidence of car- 


. diac disease. In addition, all subjects were screened to ensure 
_ that high quality M mode echocardiograms could readily be 
_ obtained from an area extending from the body of the left 

_ ventricle to the aortic valve leaflets and left atrium. Although 


the opening and closing points of the aortic leaflets were 


. . judged to be readily identifiable in all subjects at rest, on oc- 
. casion these points could not be accurately determined at each 
~ paced rate, and the data were unavailable at these rates. No 


TES 
~ 


>- 


subject was involved in competitive athletics, and all gave 


informed consent. 
Cardiac pacing: On the day of the study the subjects fasted 


___ and were taken to the cardiac catheterization laboratory where 
a floating balloon-tip pacing electrode was inserted percuta- 
. neously into the right brachial vein and positioned along the 


M 
"s 





lateral wall of the right atrium under fluoroscopic control. — 


After electrode placement, the participants were allowed to 


. rest for 10 minutes or until all physiologic variables including 


heart rate and blood pressure were stable. Subsequently, M 
mode echocardiograms were performed in the standard 
manner at the resting heart rate, and were repeated at 10 beat 
increments of heart rate up to a maximum of 150 beats/min. 
To ensure cardiocirculatory equilibration at each increment 


of heart rate a 3 minute interval was observed before the : 





echocardiogram was recorded. In 10 patients the maxima 
heart rate of 150 beats/min could not be obtained because 0} 
the appearance of block at the atrioventricular node, and ir 
these subjects the highest cardiac rate achievable was utilized 
for analysis. Measurements of blood pressure were obtained 
with a cuff sphygmomanometer immediately after the re- 
cording of each echocardiogram. Mean blood pressure was 
calculated as one third the pulse pressure added to diastolic 
pressure. EUN. os 

Echocardiographic measurements: Echocardiography 
was performed with the patients supine. A commercially 
available echograph (Ekoline 20A, Smith-Kline Instruments: 
with a 0.5 inch (1.27 cm) diameter 2.25 megahertz zransducei 
with a repetition rate of 1,000/sec was used. The tracing wa: 
displayed and recorded on a fiberoptic recorder (model 1856. 
Honeywell Corporation). 

The following measurements were made from the echo- 
cardiographic record: (1) left ventricular end-diastolic (EdD) 
and end-systolic (EsD) dimensions, measured from the en- 
docardial surfaces of the interventricular septum and post- 
erobasal left ventricular wall at the peak of the R wave and at 
the point of maximal approximation of these structures, re- 
spectively; (2) septal thickness, measured at the onset of the 
QRS complex as the distance from the first echocardiographic 
signal obtained from the right ventricular surface o? the sep- 
tum to the initial echo of the left septal surface, and postero- 
basal wall thickness, measured at the same time as the dis- 
tance from the first echocardiographic signal obtained from 
the endocardial surface of the posterior wall to the origin of 
the epicardial echo obtained during electrical damping of the 
ultrasonic signal during diastole; (3) dimension of the left 
atrium, measured from the outer edge of the posterior aortic 
wall echo to the leading edge of the first strong ultrasonic 
signal from the left atria! posterior wall at peak anterior aortic 
motion during systole; and (4) systolic ejection time (ET), 
measured as the interval between the opening and closing of 
the aortic valve leaflets in thé echocardiogram during systole. 
All ultrasonic measurements were obtained during three 
cardiac cycles by two observers, corrected for echocardio- 
graphic scale according to 1 cm calibration markers and ex- 
pressed to the nearest millimeter. 

The following values were derived from echocardiographic 
measurements: (1) Echocardiographic shortening fraction 
(SF) was calculated as the difference between end-diastolic 
and end-systolic left ventricular dimensions normalized for 
end-diastolic dimension (SF = EdD-EsD/EdD); (2) mean 
velocity of circumferential fiber shortening (Vcf) was derived 
by the method of Cooper et al.!6 as Vef = EdD-EsD/EdD X 
ET. An estimate of left ventricular volumes in end-systole and 
end-diastole was then calculated as the cube of the respective 
dimensions.!? Echocardiography affords a reliable means for 
determining left ventricular endocardial dimensions, which 
have been shown!’ to be closely related to left ventricular 
volumes. However, the echocardiographic beam may traverse 
a limited area of the ventricle that correlates poorly with ac- 
tual ventricular volumes. This difficulty may be encountered 
in dilated hearts and in hearts with coronary artery disease 
with segmental abnormalities of ventricular contraction. 
Nevertheless, only normal subjects were evaluated, and in an 
intrapatient study such as this, evaluation of directional 
changes is valid because each subject serves as his or her own 
control. The calculated volumes provided an estimate of 
stroke volume that was utilized to compute an index of sys- 
temic vascular resistance!? as the quotient of mean arterial 
pressure/cardiac output multiplied by a conversion factor of 
1,332 to obtain dynes sec em~°. 

Analysis of data: Initiallv, to determine whether a relation 
existed between heart rate and various measures of cardiac 
size and performance, mean group values for each index at 
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each 10 beat increment of pacing were compared with cardiac ability to obtain high quality echocardiograms, tech- 


frequency by virtue of linear regression analysis. Subse- nically excellent records were recorded in all 25 subjects — 
quently, alterations in the various ultrasonic measurements both at rest and during atrial pacing. However, the - 
were analyzed in terms of the percent change from those ^ — spectrum of cardiac rates at which echocardiographic | 
values obtained at a heart rate of 100 beats/min and a linear measurements could be obtained in each subject was 


regression relation was established between the two variables 
based upon individual values for all subjects included in the 
study. The normal subjects in this study exhibited variations 


limited by the resting heart rate during the control pe- 
riod and the maximal frequency of stimulation at which 


in resting heart rate and in the maximal pacing rate at which 1:1 A-V conduction could be maintained during atrial " 
L1 A.V conduction could be maintained. Therefore, the pacing. Accordingly, although echocardiographic data — 
number of data points for any given measurement at each were recorded in nearly all patients for heart rates — 
heart rate was variable. Accordingly, data were also analyzed ranging from 80 to 120 beats/min, similar data were — 
in a subgroup of eight subjects who had data points available obtained only in a fraction of patients for heart rates 
for each measurement at each heart rate. In addition, to from 50 to 80 and from 120 to 150 beats/min. Because - 


evaluate the effects of prolongation of the P-R interval, the evaluation of our data revealed that pacing-induced a 
alteration in echocardiographic measurements at rates of 70 alterations in the echocardiogram were unrelate d tom 


eee. retta idus ye: Me Es either sex or body surface area, the data are presented 1 


seven subjects with an increase of more than 100 msec (mean for men and women together in terms of absolute 


120). measurements. A representative echocardiogram ob- — 
tained in this study is illustrated in Figure 1. E 

Results Blood pressure: No significant alteration in arterial 

As would be expected from the fact that potential blood pressure recorded by cuff sphygmomanometer 
candidates for this study were screened to ensure the was observed at any atrial pacing rate in this study; the . : 


FIGURE 1. Echocardiograms from the body of the left 
ventricle obtained at various heart rates (HR) from 60 to 
150 beats/min in a representative subject during atrial 
pacing. Methods by which measurements were made are 
depicted, and data are given for end-diastolic and end- 
systolic dimensions of the left ventricle, shortening 
fraction (SF) and mean velocity of circumferencial fiber 
shortening (Vcr). A reduction in ventricular dimensions, 
an increase in velocity of circumferencial fiber shorten- 
ing, no change in shortening fraction and an increase in 
interventricular septal and left ventricular posterior wall 
thicknesses are apparent. The 1 cm calibration marker 
seen in panel A was unchanged throughout the study. 
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_ group mean values were 125, 81 and 96 mm Hg for sys- 
. tolic, diastolic and mean pressure, respectively. The 
. minimal and maximal variation in mean blood pressure 
. was 2 and 15 mm Hg, respectively. No correlation was 
_ observed between arterial pressure and heart rate. Al- 
. though the calculated index of systemic vascular resis- 

tance decreased slightly from 1,463 at a heart rate of 70 
— beats/min (the lowest rate at which values were avail- 


able for the majority of subjects) to 1,271 dynes sec cm? 
at a rate of 150 beats/min, this difference was not sta- 


| tistically significant. 


Echocardiographic analysis: Initially, an analysis 


. was carried out in each subject to determine if a relation 
. existed between heart rate and various echocardio- 


graphic measurements of cardiac size and performance. 
This analysis revealed a remarkably linear relation 
between heart rate and all measures of cardiac size and 
performance with the exception of shortening fraction; 
the correlation coefficients for individual subjects were 
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FIGURE 2. Data showing the relation of left ventricular 
(LV) end-diastolic dimension (left panels) and end- 
systolic dimension (right panels) to heart rate. The 
upper panels depict the mean and standard error of 
the mean values for the group at each 10 beat in- 
crement in atrial pacing throughout a range of heart 
rates from 50 to 150 beats/min. In the lower panels, 
left ventricular dimension is expressed for each 
subject as a percent of the measurement recorded 
at a heart rate of 100 beats/min, which serves as the 
baseline of 100 percent. The percent left ventricular 
dimensions in each individual subject are then cor- 
related with heart rate at 10 beat increments through 
a range of 50 to 150 beats/min. Data are provided for 
the linear relation (y) between ventricular dimensions 
and heart rate, the correlation coefficient (r), and the 
standard error of the estimate (see). 


all greater than r = 0.90. Further, comparison or mean 
group values for cardiac dimensions and contractile 
pattern at each 10 beat increment of heart rate revealed 
a close linear correlation with heart rate for all variables 
except shortening fraction, which remained unchanged 
(Fig. 2 to 5). However, because of scatter in the indi- 
vidual regression equations an acceptable group re- 
gression equation of prospective value could not be es- 
tablished between absolute echocardiographic values 
and heart rate. Therefore, to normalize the spectrum 
of cardiac size and performance values in these subjects 
at rest, the data were analyzed in terms of percent 
change in ultrasonic measurements at each increment 
in heart rate. Echocardiographic measurements ob- 
tained at 100 beats/min were selected for baseline values 
for this analysis because this was the median rate in the 
study and because measurements were available at this 
paced rate for all subjects. Thereafter, echocardio- 
graphic values were plotted as percent of baseline values 
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FIGURE 3. Correlations between mean velocity of 
circumferential fiber shortening (Vor) (left panels) 
and shortening fraction (right panels) and heart rate. 
The upper panels delineate the relation between the 
mean values of these echocardiographic measure- 
ments for the group and heart rate; the lower panels 60 
depict the individual changes in these measurements 
expressed as a percent of the baseline value at a 
heart rate of 100 beats/min. circ = circumferences; 
other abbreviations as in Figure 2. 
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obtained at a heart rate of 100 beats/min for each indi- 
vidual patient, and these values were related to heart 
rate by linear regression analysis (Fig. 2 to 5). 

Left ventricular dimensions: Figure 2 illustrates 
the relation between heart rate and left ventricular di- 
mension in both end-diastole and end-systole. Left 
ventricular diastolic and systolic dimensions decreased 
with increasing heart rate from a respective group mean 
of 4.8 and 3.7 cm at a rate of 70 beats/min to 3.0 and 2.3 
cm at 150 beats/min. Mean values for end-diastolic di- 
mension at each 10 beat increment of pacing bore a 
linear correlation to heart rate. A strong correlation also 
existed between the percent change in end-diastolic 
dimension (EdD) and alteration in heart rate (HR), with 
a linear relation expressed as EdD = —0.0027 (HR) + 
1.26 yielding a correlation coefficient of r — 0.90 and a 
standard error of the estimate (SEE) of 0.07. Similarly, 
mean values at each increment of heart rate for end- 
systolic dimension (EsD) were linearly related to heart 
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rate, and values for the percent change in individual 
patients could be related to pacing rate as EsD = - 
—0.0026 HR + 1.24, which yielded a correlation coeffi- — 
cient of r = 0.72 (SEE 0.07). These data indicate that — 
a 10 beat increment in heart rate is accompanied by an — 
approximately 2.7 percent decrease in end-diastolic | 
dimension and a 2.6 percent decrease in end-systolic — 


dimension in the echocardiogram. 
Mean velocity of circumferential fiber shorten- 


ing: Figure 3 delineates the data obtained in regard to . 


mean velocity of circumferential fiber shortening (Vcf) 


and shortening fraction. Despite the reduction in end- 
diastolic left ventricular dimension with progressive - 
augmentation of heart rate, mean Vcf was greater with © 
increased cardiac frequency (mean value for group 1.09 4 


at 70 beats/min versus 1.63 circumferences/sec at 
150 beats/min). The percent increase in mean Vcf was 
related to heart rate as Vcf = 0.0047 HR + 0.56, which 
yielded a correlation coefficient of r — 0.67 (SEE 0.13). 
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FIGURE ï Correlation between mean left ventricular 
(LV) posterior wall thickness (left panels) and septal 
thickness (right panels) and heart rate. The upper panels 
delineate the relation between the mean values of these 
echocardiographic measurements for the group and heart 
rate; the lower panels depict the individual changes in 
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FIGURE 5. Measurements of left 

atrial size and the correlation of 

these values with heart rate. The 

left panel presents mean data for 

. the group at each paced heart rate 

and demonstrates a plateau phe- 

‘nomenon at heart rates of 120 
- beats/min or greater. The right 

y y 3 pie OUTER : panel, presenting data for each in- 
| ‘ | dividual patient expressed as a 
percent of the left atrial measure- 

L a " | JS AT ment obtained at a baseline heart 
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In contrast, cIthough minor fluctuations in shortening 
fraction were observed at different heart rates in this 
study, no statistical relation could be drawn between 
these two variables. These data indicate that a 10 beat 
increase in heart rate will be accompanied by approxi- 
mately a 4.7 percent augmentation in mean Vef, whereas 
echocardiographic shortening fraction appears to be 
independent of heart rate. 

Septal and posterior wall thicknesses: Figure 4 
illustrates the relation between ultrasonic measure- 
ments of interventricular septal (IVS) and left ven- 
tricular posterior wall (LVPW) thickness and heart rate. 
Again, a virtually linear relation exists between echo- 
cardiographic values of wall thickness and increments 
in frequency of contraction, with changes from 9.2 to 
11.3 mm for septal thickness and 8.7 to 10.2 mm for 
posterior wall thickness with an increase in rate from 
70 to 150 beats/min. Thereby, with a pacing-induced 
acceleration in heart rate, the percent increase in wall 
thicknesses could be related to heart rate as IVS — 

.0.0036 HR + 0.66, r = 0.82, SEE = 0.069 and LVPW = 
0.0027 HR + 0.75, r = 0.70, SEE = 0.0075, respectively. 
Accordingly, a 3.6 and 2.7 percent increase in wall 
thickness for the septum and posterior wall, respec- 
tively, may be expected to be observed with each 10 beat 
increment in heart rate in normal subjects. 

Left atrial dimension: Figure 5 depicts the influence 
of increasing heart rate on left atrial size in the echo- 
cardiogram. The dimension of the left atrium decreased 
in response to increasing heart rate until the frequency 
reached 120 beats/min, when left atrial size reached a 
plateau and remained constant to a maximal heart rate 
of 150 beats/min. Thus, only a weak correlation was 
observed between the percent decrease in left atrial size 
and increasing heart rate (r = 0.48). Thus, although left 
atrial size clearly is in part dependent on heart rate, this 
dependence appears to terminate at heart rates greater 
than 120 beats/min. 

Values for each paced heart rate: Those mea- 
surements that changed in relation to heart rate were 
also analyzed in a subset of subjects who had values 
available at each paced rate. The relation between 
echocardiographic measurements and heart rate ob- 
served in this cohort was nearly identical with that re- 
corded in the group as a whole: EdD = —0.0028 HR + 
1.26, r = 0.92; EsD = —0.0031 HR + 1.29, r = 0.81; Vcf 
= 0.0057 HR + 0.45, r = 0.72; IVS = 0.0039 HR + 0.64, 
r = 0.85 and LVPW = 0.0031 HR + 0.71, r = 0.69. 

Effect of prolongation of P-R interval: Observa- 
tions in our laboratory in patients with supraventricular 
bradyarrhythmias, including complete heart block and 
wandering atrial pacemaker, have indicated that little 
if any change in echocardiographic measurements of 
cavitary size or wall thickness occurs at different P-R 
intervals. Nevertheless, we performed several analyses 
in this study to evaluate the effect of prolongation of the 
P-R interval on echocardiographic measurements of 
cardiac size and performance. Two subjects manifested 
miniscule increases in P-R interval of 30 msec or less, 
and both had echocardiographic changes with heart rate 
similar to those observed in the group as a whole. In 
addition, echocardiograms at an identical atrially paced 
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heart rate, but with varying P-R intervals, were avail- 
able in three subjects excluded from this study who were 
given atropine after the appearance of A-V Wenckebach 
block during atrial pacing. The heart rate in these 
subjects ranged from 100 to 130 beats/min (mean 113). 


Echocardiographic measurements including left ven- — 


tricular dimensions, interventricular septal and left 
ventricular posterior wall thicknesses and left atrial 
dimension differed by no more than 1 mm in any subject 
and the mean values for all three subjects were identical. 
Additionally, mean values for velocity of circumferential 


fiber shortening differed by less than 0.05 circumfer- - 


ence/sec. Finally, the mean difference in echocardio- 
graphic measurements between heart rate of 70 and 150 
beats/min in a group of patients with prolongation of 
P-R interval of less than 100 msec with atrial pacing was 
compared with that recorded in a group with an increase 
of greater than 100 msec. These data were then 
subjected to statistical analysis by Student's t test for 


group data. No significant differences were observed in À 


subjects with small versus large increases in the P-R 
interval in regard to end-diastolic or end-systolic left 
ventricular dimension, interventricular septal or left 
ventricular posterior wall thickness, left atrial dimen- 
sion or velocity of circumferential fiber shortening. 


Discussion 


Although the ability of alterations in heart rate to 4 
influence cardiac size and function has been well rec- — 


ognized for many years,!-!* the relation among these 


entities has not previously been defined in man. Thus, 


despite the presentation of observations regarding the 
effect of alterations in heart rate on left ventricular size 
as assessed fluoroscopically with epicardial markers,? 
the studies did not assess intracavitary measurements 
and data were available in only four subjects. In addi- 
tion, although a reduction in heart size in response to 
an increase in heart rate induced by atropine was re- 


ported by Hirshleifer et al.,* the relation between the 
degree of change in ventricular size and performance - 
and the quantity of rate acceleration could not be as- — 
sessed. Further, previous studies regarding alterations - 


in the velocity of ventricular contraction in response to 
increments in heart rate have yielded variable re- 
sults.^15 Our data establish that left ventricular diastolic 


and systolic dimensions, interventricular septal and left 


ventricular posterobasal wall thicknesses, velocity of 
circumferential fiber shortening and, to some extent left 
atrial size, bear a linear correlation to heart rate in 
normal persons. They also provide data for calculating 
the influence of heart rate on measurements of cardiac 
size and performance in the echocardiogram by delin- 
eating the percent change that might be expected for 
each measure in response to a given fluctuation in heart 
rate. 


Atrial pacing as a method of producing alter- — 


ations in heart rate: In the present study, alterations 
in heart rate were produced by means of atrial pacing, 
a situation that may differ slightly from changes in 
cardiac frequency induced by physiologic, pathophys- 
iologic or pharmacologic mechanisms encountered 
clinically. In a clinical setting, changes in heart rate may 
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reflect fluctuations in sympathetic or parasympathetic 
tone, or both, with a resultant combination of inotropic 
and chronotropic effects. In addition, atrial pacing re- 
sults in prolongation of the P-R interval, a condition 


. that may not pertain to increases of rate produced by 


other mechanisms. Nevertheless, pacing maintains 


. atrial contraction and does not interfere with synchrony 


of ventricular contraction, and electrical stimulation 


. Offers the best method of isolating the effects of heart 
. rate on ventricular size and performance independent 


$ b of other variables. Moreover, no significant differences 
... were observed between subjects who exhibited large 


versus small degrees of P-R prolongation in this 


E study. 


Role of blood pressure and vascular resistance: 


4 Fluctuations in afterload are capable of inducing sig- 


nificant alterations in the size and performance of the 


= left ventricle. In this regard, no significant reduction was 


observed in either artrial blood pressure or systemic 
vascular resistance calculated from the echocardiogram. 


. However, these measurements are only weak reflections 


of left ventricular afterload, and blood pressure re- 


= corded with a cuff sphygmomanometer may be less ac- 


. curate than that measured using direct arterial punc- 


_ ture. Thus, although it is unlikely that changes in left 


ventricular afterload greatly influenced the size or 
performance of this chamber, we cannot rule out the 


- possibility that we failed to detect minor alterations in 
-the variable of afterload. 


Effect of increases in heart rate on chamber size: 


. A remarkably linear relation was consistently observed 
between increases in heart rate and alterations in 


measurements of cardiac size and performance. Cor- 
relations between ultrasonic measurements and heart 


_ rate for any individual subject invariably yielded cor- 


relation coefficients of more than 0.90, and similar 


. correlations were observed between heart rate and mean 
. values for the group at each increment of paced rate 


— (Fig. 2 to 5). Nevertheless, our data do not allow ex- 


ee Fey 





. trapolation of a regression equation for predicting 
. echographic cardiac dimension from heart rate in an 
. individual subject. Acceptable regression equations 
. could be developed regarding the relation of change in 
. echocardiographic values and given alterations in heart 
. rate. Accordingly, these data are of greatest value in 
- interpreting the direct effects of an intervention that 
. resulted in a concomitant alteration in cardiac fre- 
quency. 


Our normal subjects exhibited a spectrum of resting 


heart rates at the onset of the study, and also differed 
. in the maximal atrial pacing rate at which 1:1 A-V 


conduction could be maintained. This resulted in a 


. variable number of data points being available for any 
. given measurement and heart rate. We elected to utilize 


data in all 25 subjects so as to encompass as great a 


. spectrum of physiologic heart rates as possible and to 
. avoid introducing additional restrictions (minimal 


resting and paced heart rates). The validity of this ap- 
proach was confirmed by the similarity of the data in a 
subgroup of patients in whom measurements were 
available at each heart rate with the data obtained in the 
group as a whole. 
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Our study demonstrated that, in normal subjects, 
progressive increases in heart rate result in propor- 
tionate decreases in both end-diastolic and end-systolic 
left ventricular dimensions (Fig. 2). The absolute change 
in end-diastolic dimension, and therefore the slope of 
the relation with heart rate, was greater for end-diastolic 
than for end-systolic dimension. However, when these 
changes were expressed as a percent, left ventricular 
end-diastolic dimension was found to decrease 2.7 
percent and left ventricular end-systolic dimension 2.6 
percent for each 10 beat increment in heart rate from 
50 to 150 beats/min. These data indicate that an ab- 
normal enlargement in left ventricular dimension in the 
echocardiogram could be masked by a sufficiently rapid 
tachycardia producing an attendant decrease in this 
measurement. 

Effects of increases in heart rate on ventricular 
performance: The effects of heart rate on intrinsic left 
ventricular performance have received substantially 
greater attention than those of changes in chamber size. 
Thus, the ability of an increase in heart rate to induce 
a corresponding augmentation in the inotropic state of 
the heart was first described by Bowditch! in 1871. Al- 
though his observation has subsequently been sup- 
ported by other data obtained from papillary muscle 
preparations,’ in isolated hearts? and in patients with 
heart disease after surgical procedures, several inves- 
tigators!? have failed to observe an increase in the ve- 
locity of contraction in response to tachycardia induced 
by cardiac stimulation. In our study the velocity of the 
circumferential fiber shortening (Vcf) as measured from 
the echocardiogram rose progressively with acceleration 
of heart rate, increasing by 4.7 percent for each incre- 
mental decade of heart rate (Fig. 3). This result is vir- 
tually identical to that reported by Hirshleifer et al.,4 
who detected an average increase in Vcf of 13 percent 


in a group of normal subjects after an average acceler- 


ation of heart rate of 34 beats/min induced by atropine. 
Accordingly, these data establish the influence of heart 
rate on velocity of circumferential fiber shortening as 
measured with echocardiography. 

Although we recorded minor differences in left ven- 
tricular shortening fraction at various increments of 
heart rate, no statistically significant pattern of change 
existed between increase in heart rate and this echo- 
graphic measure. Because the shortening fraction of the 
left ventricle obtained with ultasound bears a relation 
to ejection fraction obtained with cineangiography,!? 
it may be surmised that ejection fraction of the left 
ventricle in normal human subjects does not change 
with increase in heart rate. That shortening fraction was 
not influenced by increasing heart rate is consistent with 
the findings of others” that cardiac output is not sig- 
nificantly altered by greater frequency of contraction 
induced by atrial pacing within physiologic ranges of 
heart rate. The exact interpretation of these data rem- 
ains somewhat obscure. Accordingly, because aug- 
mentation of heart rate enhanced the inotropic state of 
myocardium in our study as evidenced by an increase 
in the velocity of circumferential fiber shortening, one 
would have expected a concomitant accentuation in the 
fractional shortening of the left ventricle. It is possible 
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that the direct preload-reducing effects of chronotropic 

terations on shortening fraction offset the indirect 
effects mediated by an increase in the inotropic state of 
the myocardium. This fact may be of great advantage 
in assessing the effect on myocardial performance of 
interventions that are accompanied by changes in heart 
rate, inasmuch as any alteration observed in the short- 
ening*fraction must be attributed to the intervention 
itself rather than to the concomitant alteration in heart 
rate. 

Left atrial size: Left atrial dimension in the echo- 
cardiogram exhibited a unique response to pacing in our 
study. Thus, left atrial dimension decreased with pro- 
gressive increases in heart rate until a rate of 120 
beats/min was reached, when the size of this chamber 
reached a plateau. It is likely that the greatly diminished 
duration of diastole associated with heart rates greater 
than 120 beats/min resulted in a reduction in left atrial 
emptying time and, thereby, an increase in the left 
atrium equivalent to the decrease evoked by pacing. ‘The 
precise determinants of the response of left atrial size 
to heart rate remain an intriguing area for future in- 
vestigation. 

Clinical implications: In addition to contributing 
to the physiologic understanding of the behavior of 
cardiac size and performance with acute alterations of 
heart rate in normal human subjects, these data have 
important clinical implications for the interpretation 
of echocardiograms. Perhaps the greatest potential 
significance of our results is related to utilization of 
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serial echocardiograms to assess either the natural 
history of a cardiac disorder or to evaluate the effects 


of medical or surgical interventions. Thus, in an era. — 


where echocardiography is increasingly relied on to aid 

in deciding the proper timing of cardiac surgery for 

valvular heart disease?! and in evaluating pharmaco- 

logic!? and surgical procedures," this study emphasizes 

the importance of adjusting ultrasonic data for alter- 

ations in heart rate. Further, our data provide guidelines 

as to the approximate change in a variety of measures 
of cardiac size and performance that may be induced by 
acute alterations of heart rate in normal subjects. 
Thereby, one may assume as a general principle that in 
normal subjects left ventricular chamber size in both 
diastole and systole will be reduced approximately 3 
percent for each 10 beat increment in heart rate, 
whereas velocity of circumferential fiber shortening 
assessed with the echocardiogram will be increased 
approximately 5 percent for each 10 beat increment in 
heart rate. Further, future work may demonstrate that 
these data may permit detection of latent myocardial 
dysfunction in patients with a variety of heart diseases, 
by providing a basis for comparing the responses of 
cardiac size and performance in the echocardiogram to 
acute changes in heart rate in these patients with the 
responses observed in normal subjects. 
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To evaluate neninvasively aortocoronary bypass graft patency, pulsed 
Doppler echocardiography was performed at the time of postoperative 
coronary angiography in 120 consecutive patients. Ultrasonic examination 
of 163 vein grafts was possible. One hundred twenty-seven patent and 
14 occluded grafts were correctly identified. Eleven patent grafts could 
not be recorded, and 11 occluded grafts were falsely diagnosed as patent. 
The method had an overall sensitivity of 92 percent and a specificity of 
56 percent. This high sensitivity leve! may be increased to almost 100 
percent by enhanced technical skill and experience. The low specificity 
level, although the method must be tested in a larger number of bypass 
grafts, stresses the importance of correctly identifying other sources of 
diastolic blood flow. Diastolic flows from the superior vena cava, internal 
mammary veins, tricuspid valve, mitral valve and right ventricle may be 
eliminated by careful adjustment of the depth, site and size of the pulsed 
Doppler electronic sampling gate. Standard echocardiographic landmarks 
for avoiding confusion with the coronary arteries are also described. 


The only currently reliable method for assessing aortocoronary bypass : 
graft patency is cardiac catheterization and angiography.! A noninvasive 
technique allowing transcutaneous evaluation of graft patency would 
be invaluable fer clinical diagnosis and long-term follow-up of graft 
outcome. The pulsed Doppler flowmeter was described in 19692 and was 
applied to aortocoronary bypass graft detection by Gould et al.? in 1972. 
In this study we describe a method of graft flow recording using an ex- 
ternal pulsed Doppler flowmeter and evaluate its reliability bv com- 
paring the results obtained with those of angiography. 


Method 
Doppler Principle and Instrumentation 


The directional range-gated pulsed Doppler instrument used in this study was 
a prototype developed by the Centre National des Recherches Scientifiques, 
Paris, France. An improved unit is now commercially available (Alvar Electronic, 
Paris, France). According to the Doppler principle, ultrasonic waves are back- 
scattered with a shifted frequency by moving erythrocytes. The difference in 
frequency, called the Doppler shift, is proportional to the emitted frequency, 
the velocity of the target erythrocytes and the angle cosine between the emitted 
ultrasonic beam and the direction of moving cells; it is inversely proportional 
to a constant expressing the speed of ultrasound in the medium. The frequency 
range of the Doppler shift is within the audible range. In this study, we did not 
evaluate the angle between the beam of ultrasound and the target bypass graft 
and we did not attempt a quantification of flow. 

The unit has a range-gated system that is adjustable in depth and in width. 
It transmits at a frequency of 4 megahertz and at a pulse repetition rate ad- 
justable from 5 to 20 kilohertz. The maximal depth of exploration is 14 cm. The 
duration of the acoustic pulse generated by the piezoelectric crystal ranges from 
2 to 4 usec. After a delay, the crystal is allowed to receive for 1 usec or more. The 
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FIGURE 1. Schematic diagrams illustrating the method of graft location in the transverse (left) and lateral (right) planes. The grafts take off from the "34 
aorta (AO) to join the right (RCA), left circumflex (CCA) and left anterior descending (LAD) coronary arteries. The transverse lines on the axis of 

the transducer indicate the ultrasonic beam. The aorta and, anteriorly, the right ventricular outflow tract (RVOT) are easily recognized on Aand 
M mode echocardiography. The Doppler unit has a range-gated system that is adjustable in depth and in width allowing sampling of the Doppler — 
signal at any level along the ultrasonic beam; this sample volume is illustrated on the figure by the lines parallel to the transducer on the ultrasonic ^ 
pathway. To identify grafts to the left coronary artery, the transducer is positioned in the second or third left intercostal space and the aorta is localized _ S 
with standard echocardiography and its Doppler flow signal. As illustrated, the sample volume is then moved slightly to the left, up anddownby 
tilting the transducer and anteriorly by changing the depth of exploration of the Doppler electronic sampling gate. Graft flow is identified in front — 
of or to the left of the right ventricular outflow tract. For a graft to the right coronary artery, the transducer is positioned in the right parasternal space 
and the aorta is first localized. Slight angulation of the probe with anterior displacement of the electronic sampling gate allows recording of the 
graft flow. Note that the internal mammary artery (IMA) and veins (IMV) cross the ultrasonic pathway. LV = left ventricle; SVC = superior vena 


cava. 





depth at which the velocity is detected is controlled by the and the angiogram were then correlated. When discordant 4 
_ duration of the delay in the receiver; the minimal size of the results were observed, the Doppler study was repeated to 4 
sample volume is determined by the duration of the burst of identify the sources of misinterpretation. 
ultrasound. A high pass filter with a cutoff frequency of 500 Cardiac catheterization was performed as part of a long- — . 
hertz eliminates low frequencies from cardiac and vessel wall term prospective study designed to evaluate graft outcome. 4 
motion. The site of the sample volume is displayed in the si- The study was attempted in 120 consecutive patients. Eight — 
multaneous echocardiogram and therefore can be exactly lo- patients were studied within 4 weeks of surgery; the remaining _ 
cated and selected. This range-gated system separates the flow 112 were studied 1 to 6 1/2 years postoperatively (mean 4.7 
being analyzed from other moving structures on the axis of the years). Adequate Doppler ultrasonic evaluation as judged by — 
transducer. This property of the pulsed Doppler technique identification of the aortic flow was possible in 108 of the 120 — 
allows a discrimination in depth and an estimation of the patients. The total number of grafts studied was 163. ' 
width of the flow as opposed to continuous wave Doppler Technique for identifying and recording graft flow: 
measurements whose sample volume starts at the transducer Grafts to the left coronary artery were examined with the . 
and ends with degradation of the signal. The analog curve of patient in the left lateral position and the probe in the second - 
velocity is derived from a zero crossing detector and tran- or third left intercostal space. The aorta was first localized, 5 
scribed on a strip chart recorder with the electrocardiogram then anteriorly and to the left, the right ventricular outflow 3 
at a paper speed of 25 and 50 cm/sec. tract. Moving the sample volume laterally by tilting the — 
transducer or anteriorly by changing the depth of exploration - 1 
Material and Methods allowed identification or graft flow in front of or totheleftof 
Pulsed Doppler studies were performed without knowledge the right ventricular-outflow tract. The operative report was M 
of the status of the graft. The only information available to used to aid identification of grafts to the left anterior de- 
the investigators at the time of study was the number and scending artery or to the left circumflex artery, or both. When 
location of the aortocoronary bypass grafts as described in the both vessels had grafts, flow in the left anterior descending 
operative protocol. Only flows well documented on strip chart artery was usually more anterior and to the right than that in 
recordings were retained for the diagnosis of graft patency. the circumflex artery. Bypass grafts to the right coronary ar- — 
Cardiac catheterization was performed the following day ac- tery were examined with the patient lying in the right lateral 
cording to techniques already described.*^ The Doppler study position and the probe located in the second or third right | 
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in raetal space. The aorta was first localized, and a slight 
angulation of the probe with anterior displacement of the 
E electronic sampling gate allowed recording of right coronary 
. artery bypass grafts on the right side of the aorta (Fig. 1). 
_ Before a graft was judged occluded, the adequacy of the 
.. ultrasonic examination was confirmed by recording flows from 
he aorta. For the purpose of this study, the Doppler ultrasonic 
Bras was considered not possible if the aortic blood flow 
signal was not adequately recorded. This occurred in 12 of 120 
- consecutive cases. If aortic flow was well recorded and a dia- 
a pole flow was not recorded in the presumed position of the 
ft, the graft was judged occluded. Sensitivity was calculated 
P as the percent of PEE grafts detected by the Doppler anal- 
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_ Noninvasive Assessment of Aortocoronary Bypass Grafts 
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Patent Graft Occluded Graft 

. Doppler LAD 16 x RCA Total LAD LCx RCA Total 
Bacon BG A S don rca vw. "11 
|. graft 
= Occluded 4 2 5 11 4 5 5 14 
. graft 

E P «0.0001 

= į Sensitivity 92 percent; specificity 56 percent 


. LAD = grafts to the left anterior descending coronary artery; LCx — 

ntm to the circumflex c y artery; P — probability value calculated 
. with the Fisher prosemi test; RCA = grafts to the right coronary ar- 
tery. 
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FIGURE 2. Identification of right coronary bypass 
graft. Left, recording of the Doppler signal from the - 
graft. The flow by reference to the electrocardiogram 
(ECG) is diastolic. The Doppler apparatus in its pro- 
cess of signal analysis introduces a delay of about 65 
msec. 0 = zero flow; T = the time axis; V = velocity 
axis. The angiographic inaage of the graft is illustrated 
at right. 


FIGURE 3. Illustrative example of a left anterior de- 

scending coronary bypass graft. A diastolic flow is 

recorded with the transducer in the left parasternal 

space and the Doppler sample volume on the left side 
of the pulmonary outflow tract (left). The angiographic 

image of the graft is illustrated on the right. Abbrevi- 

ations as in Figure 2. 


ysis and specificity as the percent of occluded grafts correctly 
identified. f 


Results 
Bypass Graft Flow 


Aortocoronary bypass grafts are recorded over a Her 
width as diastolic flows. The high pass filter eliminates — 
the low amplitude systolic component of coronary flow. 
Figures 2 and 3 show illustrative examples of flows from 
saphenous vein grafts connected, respectively, to the 
right and the left circumflex coronary arteries. The 
corresponding angiographic images of the grafts are 
shown; by referring to the electrocardiographic tracing, 
the diastolic pattern of flow can be recognized. The 
Doppler apparatus introduces a delay of about 65 msec 
in its process of analysis. 

At times, the diastolic flow is associated with a defi- 
nite systolic component. If this systolic component is 
directionally the same as the diastolic component, the 
curve obtained has a bifid appearance and is referred 
to as a bifid flow pattern (Fig. 4); if the systolic compo- 
nent is directionally opposite, the curve is referred to 
as a biphasic flow pattern (Fig. 5). 

Overall results are shown in Table I. There were 138 
positive test results; that is, an unquestionable diastolic 
flow was recorded at a depth and location compatible 
with that of a patent graft in the angiogram. The grafts 
with a positive test included 64 left anterior descending, 
24 left circumflex and 52 right coronary ium grafts. 
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No flow could be recorded in 25 grafts, inchidiisl 10 to 
the left anterior descending, 6 to the left circumflex and 


9 to the right coronary artery. Among the 25 grafts oc- 


cluded at angiography, 14 were correctly identified as — 
occluded with pulsed Doppler analysis and 11 were 
falsely diagnosed as patent; that is, a definite diastolic” 


flow was recorded in the presumed position of the g EE, S UT i l 


But the graft was found occluded at angiography. 
Among the 138 angiographically patent grafts, 1277 were 
recorded by Doppler analysis; 11 were not found. © 

All occluded grafts were closed proximally, : and HUM 
only remaining visible structure was usually a small - 


aortic stump (less than 1 cm long) in the aortic. angio- | i 


gram. A diastolic blood flow signal. from | the > graft, - 
proximal to the occlusion, could not thus be recorded.” 


Four grafts had narrowing of 90 percent or more. One > - 


was on the proximal portion, one on the mid portion and 
two on the distal portion of the graft. However, flow was - 
recorded in these grafts and they were considered pat- - 
ent. e 

The F isher exact probability test showed £ a signifi- - 
cant statistical difference, E <0; Tha between the 
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The sensitivity was further increased a mee 


icr 1 re T en Es 


A P 5 
PIA vr A 


unblinded Doppler study: Six of the 11 grafts initially P 


not found were recorded; in 4 others the signal was au- 


dible but could not be recorded because of alow y signal - | * 


to noise ratio. The only flow that could not be localized - | 

Was from a graft with an unusual anatomic location. 

behind the pulmonary artery. GEO LU T T: 
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Doppler Flow Patterns. and Sources of DU TM rf 


Misinterpretation - Ji 


Because of the. low specificity, a 1 major aim. of this | ; 
study was to analyze in greater detail the different 
patterns of in aA flows dm. by external | 
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FIGURE 5. ; Biphasic E. recórded from the ^ 
right ventricle. This figure - illustrates the - 
i complexity of flows in the right ventricular 
cavity. As in Figure 4, the transducer was held - 
fixed and the Doppler sample volume dis- A 
! placed posteriorly from the anterior part of the | 
right: ventricle to the aorta. A negative systolic - i 
flow is recorded during the first cardiac cycle; 
. during the following three cycles, the flow 
appears biphasic, and further back it is sys- 
tolic. The sample volume is then displaced 
through the aortic wall and a positive systolic 
flow is recorded from the aorta in the two last 
cardiac cycles. This maneuver demonstrates 
that this biphasic flow originates from the right 
ventricle. Abbreviations as in Figure 2. 
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FIGURE 4. Bifid flow recorded from a left anterior descending bypass - 
Sg The transducer was held fixed and the Doppler electronic sampling - 


. gate moved posteriorly. A bifid flow pattern is first observed over a few — 


- millimeters (corresponding to the first two cardiac cycles on the figure); ` 
_ then a systolic flow is recorded over a few centimeters. The diastolic 
component of the bifid fiow is from the graft and the systolic component — 
from the right ventricular outflow tract. This maneuver allows differ- 
entiation of graft flow from the normally occurring bifid flow in other — 
portions of the right s dip: (see text and Fig. 7). Abbreviations as in 
in y | 
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«minata and to define better diagnostic criteria. 
During this study, sources of diastolic flows other than. E 
those of the grafts were identified and correctly inter- — 
preted. ; 
Patent grafts: The flow curves recorded from patent 
grafts were diastolic i in most cases. However, they were 
. biphasic i in seven grafts, bifid in nine and either biphasic E: 
| or bifid, depending on orientation of the probe, in three _ 
. additional grafts. The flow misdiagnosed as originating — 
. from a graft had a pure diastolic flow pattern on eight . 
| occasions and a biphasic flow pattern in three. E 
J Internal mammary veins: In the left lateral posi- 
tion, pure diastolic flows were recorded from bypass M 
“ara, internal mammary veins, the left anterior de- . 
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PULSED DOPPLER STUDY OF BYPASS GRAFTS—DIEBOLD ET AL. 


Internal mammary vein 






Inspiration 


- scending coronary artery and the mitral valve orifice. 
. Internal mammary veins can be recognized in all pa- 
tients. More superficial than aortocoronary bypass 


grafts, these veins are fixed to the chest wall and remain 
_in the Doppler sample volume during deep inspiration. 
They are little affected by heart motion and can be re- 
corded without the high pass filter. Moreover, their low 
pressure venous flow is blocked by the Valsalva ma- 


— neuver. At their side, a systolic flow is recorded coursing 
- in an opposite direction and representing flow from the 


internal mammary artery (Fig. 6). The internal mam- 
mary veins were identified as a potential source of error 
in our preliminary study and were easily avoided in the 


present study. 


Left coronary artery and mitral valve: The native 
coronary arteries exhibit the same flow characteristics 
as bypass grafts, but the adjacent structures are dif- 


_ ferent. A mode and Doppler echocardiography allow 


recognition of the left anterior descending coronary 
artery by identification of a systolic flow in the left 


. ventricular outflow tract behind it and, further back, 
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T FIGURE 6. Recordings of internal 
mammary vessels. At left, a dia- 
stolic flow is recorded. It is not af- 
fectec by deep inspiration, showing 
that it is fixed to the chest wall. The 
Valsalva maneuver abolishes it, 
suggesting a low pressure venous 
flow. In addition, a systolic flow 
coursing in an opposite direction is 
identified from the internal mam- 
mary artery (Int. mam. art.). Ab- 
breviations as in Figure 2. 


of the diastolic filling flow through the mitral valve (Fig. 
1). Flow from the mitral valve is diastolic and recorded 
over a wide area; it is recognized by its patterh and by 
echocardiographic identification of valve leaflets. Four 
of the seven false positive recordings of left coronary 
bypass grafts were pure diastolic flows and were thought 
to originate from the left anterior descending artery. 

Right ventricle: A biphasic flow pattern in the left 
lateral position was recorded from bypass grafts and 
from the right ventricle. Three of the false positive re- 
cordings were biphasic and from the right ventricle. A 
bifid flow pattern was recorded from the left side of the 
sternum at the apical region of the right ventricle (Fig. 
1). It could be recorded over a wide depth and was not 
a source of misinterpretation in this study. 

Tricuspid valve and right coronary artery: In the 
right lateral position, a pure diastolic flow was found 
from the bypass grafts, the tricuspid valve and the right 
coronary artery. The tricuspid valve flow was recorded 
over a width of a few centimeters in the vicinity of the 
tricuspid valve leaflets on A mode echocardiography. 





FIGURE 7. Bifid flow recorded from the 
right ventricle. The usual right ventricular 
flow pattern is illustrated. As opposed to 
the maneuver described in Figure 4, the 
depth of the sample volume was kept 
constant while the transducer was swept 
from the apex to the pulmonary valve. A 
bifid flow is recorded in the apical region 
corresponding to filling toward the pulmo- 
nary valve and sjection in the same direc- 
tion. Higher in the outflow tract a systolic 
flow is found. The direction and intensity of 
recorded flows are related to the angle 
between the ultrasonic beam and moving 
erythrocytes. Initially it is less than 90?; the 
intensity of flow decreases when the angle 
approaches 90°; then, with a wider angle, 
the flow curve is inverted. Abbreviations as 
in Figure 2. 
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It had two diastolic components, and sounds from the 
valve motion were heard. Right coronary arterial flow 
was thought to be the cause of three of the false positive 
flow recordings and the tricuspid valve of a fourth 
one. 

Superior vena cava: A bifid pattern of flow was 
found in the right lateral position from the superior vena 
cava" This flow was easily identified because it was re- 
corded beside the aorta over a few centimeters. It was 
not a source of error in this study. 


Discussion 


A large incidence of postoperative symptomatic im- 
provement after aortocoronary bypass surgery has re- 
sulted in a widespread use of this form of treatment in 
patients with obstructive coronary artery disease. So far, 
objective evaluation of graft outcome has been assessed 
only with cardiac catheterization and angiography.! 
Long-term results will have to be reassessed periodically 
because of the evolution in surgical techniques and 
different experiences among institutions. Obviously, a 
method that would allow noninvasive, reliable and re- 
producible results in the study of graft patency would 
be of much interest. 

The Doppler principle was first applied to blood flow 
studies by Franklin et al. Pisko-Dubniesky et al., using 
a continuous wave Doppler, studied 226 aortocoronary 
bypass grafts in the weeks after surgery. They reported 
a detection rate of more than 90 percent for grafts to the 
right or the left anterior descending coronary artery; the 
study of grafts to the left circumflex coronary artery was 
considered unreliable. Few patients had angiograms in 
their study. Moreover, considering the complexity of 
intrathoracic flows, their results may be open to ques- 
tion. Information derived from continuous wave Dop- 
pler is an average of velocity of structures crossed by the 
ultrasonic beam without distance discrimination, and 
it does not allow identification of sources of misinter- 
pretation. Gould et al.? described pulsed Doppler ul- 
trasonic arteriography and applied this method to the 
study of aortocoronary bypass grafts. They identified 
patency in 24 of 41 grafts studied and a sensitivity level 
of 59 percent. They attributed their low detection rate 
to the limits of their instrument, particularly to its signal 
to noise ratio; indeed, if they retained for analysis flows 
that were heard but not recorded, their sensitivity level 
increased to 83 percent; specificity was not examined 
in their study. 

Sensitivity and advantages of method: Our method 
is simpler and easier to perform because it does not re- 
quire visualization of the takeoff of the graft from the 
aorta. The use of a more modern apparatus may have 
also contributed to the better sensitivity. This sensi- 
tivity could be further increased to almost 100 percent 
with use of a control unblinded Doppler study. Instru- 
mentation now available with an improved signal to 
noise ratio should allow applicability of the method to 
more patients. The specificity level appears low; how- 
ever, the method has to be tested on a larger number of 
grafts before the specificity data will be meaningful. 
Because 11 false positive reponses were found among 
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the 25 occluded grafts, it is likely that in some cases of 


patent grafts, the Doppler signal originated from other D 


structures and not actually from the graft. Thus, the 
actual sensitivity is lower than the calculated one. 
However, a significant statistical difference was found 
between the groups of occluded and patent grafts, 


thereby validating the Doppler capability of detecting f 


graft patency. 

Differentiation of various causes of diastolic 
flow: Our diagnostic criterion was initially similar to 
that of previous studies—that is, identification of a di- 
astolic flow. It soon became clear that other sources of 
diastolic flow could be confused with that of aortocor- 
onary bypass grafts. Our results thus stress the impor- 
tance of correctly identifying intrathoracic flow pat- 
terns. Explanations for these patterns were derived 
from anatomic and physiologic considerations and must 
be controlled by further studies. The diastolic pattern 
of internal mammary vein flow was identified in most 
patients; its dependence on chest wall structures and 
its low pressure characteristics made the diagnosis quite 


obvious, and it should not be a source of misinterpre- — 


tation. Similarly, flows from the tricuspid and mitral 
valves were easily recognized using A mode and Doppler 
echocardiography. Their diastolic flow had two com- 


ponents similar to the motion of the valve leaflets in the - 


echocardiogram.? The superior vena cava in this study 


was identified by its location to the right of the aorta — 


and also by its pattern of flow similar to the one already 
described for the right atrium? and jugular veins.!? 
Patterns of flow in the right ventricle were more 
complex. Depending on the cosine of the angle between 
the ultrasonic beam and the direction of flows, diastolic, 
systolic, biphasic or bifid patterns could be recorded. 


In the vicinity of the tricuspid valve a pure diastolic flow _ 


was found. By moving the electronic sampling gate from 
the apex toward the pulmonary valve, a bifid flow with 
a large diastolic component was first recorded; then the 
diastolic component decreased progressively and finally 
disappeared, whereas the systolic component increased 
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(Fig. 7). The geometry of the right ventricle favors di- - 


astolic filling toward the pulmonary valve and systolic 
ejection in the same direction. Such a bifid flow was 
described in the left ventricle by Benchimol et al.!! 
using a catheter-tip nondirectional Doppler flow probe. 
Occasionally, flow sampled in the right ventricular 
outflow tract appeared biphasic, some flow current 
filling the outflow tract during diastole in a direction 
opposite to that of ventricular ejection (Fig. 5). 

The use of an empirically determined depth limit 
above which all or most grafts lie did not improve 
specificity and lowered the sensitivity. Indeed the depth 
of the recorded flow varied not only with the chest wall 
thickness but also with the recording site on the graft 
and its angle with the transducer. 


Diastolic flow recorded in the graft was sometimes — 
associated with a systolic flow. 'The low frequency - 
systolic component of graft flow itself is usually elimi- - 


nated with use of the high pass filter. Associated systolic 
flow represented contamination from other structures 


projecting anteriorly in the Doppler sample volume © 
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a during systole. The right ventricular outflow tract and 


aorta have such an anterior motion. Penetration of their 
flows in the Doppler sample volume during systole re- 
sulted in the recording of a bifid or biphasic flow pat- 


_ tern, depending on their orientation relative to the ul- 
— trasonic probe. 


Maneuvers for confirming patency or occlusion 


- of graft: Before concluding that a graft is patent, one 


. must be able to recognize the different flow patterns in 


the vicinity of the graft. At the left sternal border, pa- 


_ tent grafts are recorded as diastolic flows over a small 
— width, facing the right ventricle at a site where its flow 


is purely systolic; behind the right ventricle the systolic 


. flow of aorta should be identified. Because coronary 
.. bypass grafts have the same flow pattern as the coronary 


arteries,*? care must be taken to avoid confusion. Left 


E coronary arterial flow will be avoided if one is careful to 


. record the graft above the left ventricle using echocar- 

. diographic landmarks. At the right sternal border, the 

. tricuspid valve is easily recognized. Because the graft 

. and right coronary artery often run parallel in the 

. atrioventricular groove they may be difficult to distin- 

- guish from each other. These grafts should be examined 
. as close as possible to the aorta. 


On the other hand, before judging that a graft is oc- 


b cluded, one has to make sure that all areas in front and 
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to the left of the right ventricular outflow tract have 
been carefully explored for left coronary arterial grafts 
and to the right side of the aorta for right coronary ar- 
terial grafts. In so doing it is useful to remove the high 
pass filter that might eliminate the low velocity flow of 
some bypass grafts. 

With use of this thorough methodical technique, 
developed while the study was ongoing, our results 
gradually improved. Other maneuvers, such as injection 
of a selective coronary vasodilator or indocyanine green 
or a saline solution, could also be useful to identify, re- 
spectively, flow from the right side of the heart and from 
the bypass grafts. 

Clinical implication: Because of its low specificity, 
the method cannot be recommended as a clinical tool 
for evaluating graft patency in individual patients. 
However, it appears promising for the future and ex- 
citing as a clinical research tool. Its development should 
proceed with improvement of the performance of the 
apparatus and with enhanced clinical skill and experi- 
ence in identifying and eliminating sources of error. 
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To compare the reliability of the mid systolic closure of the aortic valve 
with asymmetric septal hypertrophy and systolic anterior motion of the 
mitral valve in predicting left ventricular outflow obstruction in hypertrophic 
cardiomyopathy, 15 patients with this clinical diagnosis and echocar- 
diographic findings of asymmetric septal hypertrophy and systolic anterior 
motion of the mitral valve were studied. Of these, six (40 percent) had 
mid systolic closure of the aortic valve. All six patients had evidence of 
an intraventricular pressure gradient and angiographic findings confirming 
the presence of left ventricular outflow obstruction. Of the nine remaining 
patients, six (67 percent) had an intraventricular pressure gradient, 
whereas three (33 percent) had no demonstrable gradient. Of the six 
patients with a gradient and no mid systolic valve closure, only two had 
definite angiographic evidence of outflow obstruction; in the remaining 
four patients the gradient could be accounted for by the finding of left 
ventricular cavity obliteration. 

Among the total group of 15 patients, angiographic evidence of outflow 
obstruction was found in 8 (53 percent), whereas 7 (47 percent) had left 
ventricular cavity obliteration; these included the 3 patients with no in- 
traventricular gradient. Of the eight patients with angiographic evidence 
of outflow obstruction, six (75 percent) had the echocardiographic finding 
of mid systolic closure of the aortic valve. Thus, although the incidence 
of mid systolic closure of the aortic valve in hypertrophic cardiomyopathy 
is relatively low, this finding appears to be a moderately sensitive sign 
of left ventricular outflow obstruction and may be a more specific predictor 
of outflow obstruction than asymmetric septal hypertrophy and systolic 
anterior motion of the mitral valve. 


An intraventricular pressure gradient has been an important criterion 
in the diagnosis of hypertrophic cardiomyopathy and has earned this 
disease one of its earliest and most commonly used names: idiopathic 
hypertrophic subaortic stenosis or IHSS.'? The gradient was considered 
the result of subvalve obstruction and, as it became clear that obstruction 
was not a constant feature of this entity, the cases in which no intra- 
ventricular gradient could be documented were referred to as nonob- 
structive. Angiographic studies subsequently suggested that an in- 
traventricular pressure gradient may occur without outflow obstruction, 
as the result of left ventricular cavity obliteration.® This generated a long 
controversy that is currently being resolved by the observation that a 
pressure gradient in hypertrophic cardiomyopathy may be the result 
of either outflow obstruction or left ventricular cavity obliteration,’ 
and the latter phenomenon may occur and produce an intraventricular 
gradient in conditions other than hypertrophic cardiomyopathy.? 
Echocardiography has played a major role in the current progress in 
knowledge of hypertrophic cardiomyopathy. Asymmetric septal hy- 
pertrophy^!9-!? and systolic anterior motion of the mitral valve!?4 are 
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now considered important criteria for the diagnosis of 


hypertrophic cardiomyopathy.!56 They have also been 


considered good noninvasive indicators of the degree 
of outflow narrowing, and an obstruction index was 
developed from measurements obtained from the 
echocardiograms of patients with systolic anterior 
motion of the mitral valve and asymmetric septal hy- 
pertrophy.!? However, further studies have shown that 
an intraventricular gradient could occur in hypertrophic 
cardiomyopathy in the absence of either or both 
asymmetric septal hypertrophy and systolic anterior 
movement.'-9.16.18-?! On the other hand, both of these 
echocardiographic findings have been recorded in cases 
of hypertrophic cardiomyopathy with no demonstrable 
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FIGURE 1. Case 9. Echocardiogram 
showing the disproportionately hyper- 
trophied septum (IVS) compared with 
the left ventricular posterior wall 
(LVPW) and typical systolic anterior 
motion of the anterior leaflet of the 
mitral valve (ALMV). EKG = electro- 
cardiogram; PHONO = phonocardio- 
gram; PLMV = posterior leaflet of mi- 
tral valve. 


gradient,?^?? and both have been described in conditions 
other than idiopathic hypertrophic subaortic steno- 
sig, 5.18.23,24 

Another echocardiographic finding, mid systolic 
closure of the aortic valve, has also been considered to 
relate to outflow obstruction.25-?3 In this study we 
compared the value of this finding with the findings of 
asymmetric septal hypertrophy and systolic anterior 
motion of mitral valve in the diagnosis of outflow ob- 
struction in hypertrophic cardiomyopathy. 


Methods 


Patients: Fifteen patients who presented with the typical 
clinical picture of idiopathic hypertrophic subaortic stenosis? 


Echocardiographic, Angiographic and Hemodynamic Findings in 15 Cases 


Case Age (yr) Echocardiographic Data 
no. & Sex IVS LVPW IVS/LVPW SAM MSC 
1 31M 2.3 1.2 1.9 Yes Yes 
2 63 M 2.5 ae ns Yes No 
3 64M 1.8 1.0 1.8 Yes No 
4 27M 1.9 1.1 1.4 Yes No 
5 21M 1.8 1.0 1.8 Yes Yes 
6 49 M 2.0 1.3 1.5 Yes Yes 
7 50M 2.9 1.4 2.1 Yes No 
8 69F 3.0 1.5 2.0 Yes Yes 
9 52M 2.5 1.2 2.1 Yes No 
10 49 M 2.4 1.2 2.0 Yes No 
11 45M 1.8 1.1 1.6 Yes Yes 
12 32F 1.7 1.0 1.7 Yes No 
13 37M 1:5 1.0 1.5 Yes No 
14 48 F 2.0 1.0 2.0 Yes No 
15 69 F 2.1 0.9 2.3 Yes Yes 


CO = cavity obliteration; HPM = hypertrophied papillary muscles; IVG = intraventricular 
thickness (cm); LVEDP = left ventricular end-diastolic pressure (mm Hg); LVPW = 
regurgitation; MSC = mid systolic closure of aortic valve; OO = outflow obstruction: P = 


R = at rest; SAM = systolic anterior motion of the mitral valve. 


Hemodynamic Data 


i Angiographic Data 
00 CO 


HPM MR IVG(R) IVG(P) . LVEDP 
Yes No Yes 0 20 110 9 
No PVC Yes 0 0 0 27 
No PVC Yes 0 13 135 10 
No Yes Yes 0 0 0 10 
Yes No Yes 0 65 — 12 
Yes No Yes 1+ 30 100 30 
Yes No Yes 1+ 65 70 8 
Yes No Yes 1+ 80 120 25 
Yes No Yes 3+ 50 — 20 
No Yes Yes 3+ 0 45 25 
Yes No Yes 0 0 20 10 
No Yes Yes 0 0 0 20 
? PVC Yes 2+ 75 — 25 
? PVC Yes 2+ 65 — 9 
Yes No Yes 2+ 110 145 8 


pressure gradient (mm Hg; IVS = interventricular septal 
left ventricular posterior wall thickness (cm); MR = mitral 
with provocation; PVC = premature ventricular contractions; 
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FIGURE 2. Case 1. Echocardiogram showing mid 
systolic closure of the aortic valve (MSC). AAW = 
anterior aortic wall; AV = aortic valve closure line; 
EKG = electrocardiogram; PAW = posterior aortic 
wall. 


and the echocardiographic findings of asymmetric septal 
hypertrophy and systolic anterior motion of mitral valve (Fig. 
1) were studied. Asymmetric septal hypertrophy was con- 
sidered present if the interventricular septal to left ventricular 
posterior wall thickness ratio was equal to or exceeded 
1:3.10 


Echocardiography: The echocardiograms were obtained 
with the patient in the supine or left lateral position using a 
Smith-Kline Ekoline-20A, Unirad Series C or Irex Ultraso- 
noscope and a 2.25 megahertz focused transducer. The output 
of the ultrasonoscope was recorded on a strip chart recorder 
at a paper speed of 20 to 75 mm/sec with a simultaneous 
electrocardiogram and, in some patients, a simultaneous 
phonocardiogram. Special efforts were made in each case to 
obtain adequate visualization of the interventricular septum, 
the left ventricular posterior wall and both leaflets of the 
mitral valve. The aortic root and aortic valve leaflet echoes 
were also adequately recorded, and M mode scans were per- 
formed in all patients. Whenever necessary, the echocardio- 
graphic study was repeated after administration of amyl ni- 
trite. 


Cardiac catheterization: All patients underwent hemo- 
dynamic studies consisting of complete right and left heart 
catheterization. Simultaneous pressures were recorded from 
the aorta (through a catheter introduced percutaneously by 
way of the femoral artery) and at various levels in the left 
ventricular cavity (through a catheter introduced through a 
brachial arteriotomy). Withdrawal pressure recordings were 
performed slowly from the apex of the left ventricle to the 
aorta. The pressures were recorded at rest, after a premature 
ventricular contraction and, if necessary, during at least one 
of the following interventions: administration of amyl nitrite, 
intravenous infusion of isoproterenol or the Valsalva ma- 
neuver. The angiographic study comprised left ventriculog- 
raphy and complete selective coronary arteriography. 

The availability of satisfactory data from the echocardio- 
graphic, hemodynamic and angiographic laboratories was 
considered a prerequisite for the selection of these patients. 
The echocardiograms were performed within 24 hours of the 
cardiac catheterization. 


Results 


The echocardiographic, angiographic and hemody- 
namic findings from these 15 patients are summarized 
in Table I. 
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FIGURE 3. Case 4. Aortic echocardiogram of a patient with asymmetric 
septal hypertrophy, systolic anterior motion of the mitral valve and no 
mid systolic closure of the aortic valve. Note the normal opening and 
closure of the aortic valve (AV). AAW - anterior aortic wall; EKG — 
electrocardiogram; PAW = posterior aortic wall. 


Echocardiographic data: The interventricular 
septal thickness ranged between 1.5 and 3.0 cm. (mean 
2.1), and left ventricular posterior wall thickness ranged 
between 0.9 and 1.5 cm. (mean 1.2). The septum/pos- 
terior wall thickness ratio ranged between 1.4 and 2.3 
(mean 1.8). Six (40 percent) of the 15 patients with 
asymmetric septal hypertrophy and systolic anterior 
motion had echocardiographic evidence of mid systolic 
closure of the aortic valve (Fig. 2). The remaining pa- 


tients had normal opening and closure of the aortic - 


valve (Fig. 3). 

Hemodynamic data: An intraventricular pressure 
gradient ranging between 13 and 110 mm Hg was 
present at rest in 10 patients (67 percent). In another 
two patients an intraventricular pressure gradient was 
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TABLE Il 


Correlation of Angiographic Findings With Mid Systolic 
Closure of Aortic Valve (MSC) 


Patients 
LV Outflow With MSC 
Group Obstruction Total no % 
| Present 8 6 75 
I Absent 5 0 0 
Hl Not clear 2 0 0 


LV = left ventricular. 


recorded after provocation. In three patients no intra- 
ventricular pressure gradient was recorded. The left 
ventricular end-diastolic pressure ranged between 8 and 
30 mm Hg (mean 16.5). In seven patients (47 percent) 
end-diastolic pressure at rest was considered abnor- 


. mally elevated (more than 12 mm Hg). 


Angiographic data: Left ventricular outflow ob- 
struction was considered present if an intraventricular 
pressure gradient was recorded in the absence of cavity 
obliteration (Fig. 4). Eight patients (53 percent) had 
such findings. In six of these patients the angiogram 
clearly demonstrated the anterior leaflet of the mitral 
valve coming in apposition with the bulging septum in 
systole with a significant amount of contrast material 
trapped in the left ventricular cavity (Fig. 5). 

Left ventricular cavity obliteration was diagnosed 
when the apical intracavitary space was totally occupied 
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FIGURE 4. Case 6. Left ventricular 
angiogram in the right anterior 
oblique projection showing normal 
left ventricular cavity in diastole (A) 
and prominent papillary muscles but 
no evidence of cavity obliteration in 
systole (B). 


FIGURE 5. Case 6. Left ventricular 
angiogram in the left anterior 
oblique projection in diastole (A) 
and systole (B). Note the anterior 
leaflet of the mitral valve (arrows) 
coming in apposition with the 
bulging septum in systole, resulting 
in outflow obstruction with contrast 
medium trapped in the left ventric- 
ular Cavity. 


in systole by the contracting left ventricular muscle (Fig. 
6). Of the seven patients (47 percent) with this finding, 
it occurred in three during normal sinus rhythm and in 
four in association with premature ventricular con- 
tractions. Three of these seven patients had no de- 
monstrable intraventricular pressure gradient. In two 
of the four patients with a gradient, the anterior leaflet 
of the mitral valve appeared to come in apposition with 
the bulging septum, therefore raising the possibility of 
eoncomitant outflow obstruction and cavity oblitera- 
tion; in the other two patients the outflow tract ap- 
peared normal with nothing to suggest obstruction (Fig. 
1). 
All 15 patients had angiographic evidence of greatly 
hypertrophied papillary muscles. Mitral regurgitation 
of variable severity was present in eight patients. 

Mid systolic closure of the aortic valve: Table II 
summarizes the correlation of the angiographic findings 
with mid systolic closure of the aortic valve. All six pa- 
tients with mid systolic closure had evidence of an in- 
traventricular pressure gradient (at rest in five and with 
provocation in one) and angiographic findings con- 
firming the presence of outflow obstruction. Of the re- 
maining nine patients who had no evidence of mid 
systolic closure, six (67 percent) had an intraventricular 
gradient, whereas three (33 percent) had no demon- 
strable gradient. Of the six patients with an intraven- 
tricular gradient and no mid systolie closure, only two 
had angiographic evidence of outflow obstruction. In 


20] January 1979 The American Journal of CARDIOLOGY Volume 43 





FIGURE 6. Case 4. Right anterior 
oblique view of the left ventricular 
angiogram in diastole (A) and in 
systole (B), showing left ventricular 
cavity obliteration in systole. 


FIGURE 7. Case 4. Representative 
left anterior oblique view of the left 
ventricular angiogram in a patient 
with cavity obliteration. Note the 
appearance of the diastolic cone (A) 
and the absence of evidence of 
obstruction in systole (B). 


another two the possibility that outflow obstruction was 
present concomitantly with cavity obliteration could not 
be excluded, whereas in the remaining two patients 
outflow obstruction was definitely absent and the in- 
traventricular gradient appeared to be the result of left 
ventricular cavity obliteration. Thus, five of the nine 
patients with asymmetric septal hypertrophy and sys- 
tolic anterior motion but no mid systolic closure (56%) 
had absolutely no evidence of left ventricular outflow 
obstruction. 


Discussion 


The diagnosis of hypertrophic cardiomyopathy with 
or without outflow obstruction is not a black and white 
situation. Attempts to identify a pathognomonic feature 
have consistently led to disappointing results. Most 
recently asymmetric septal hypertrophy was proposed 
as the unifying link in the spectrum of idiopathic hy- 
pertrophic subaortic stenosis or the pathognomonic 
anatomic abnormality.!9!! However, subsequent re- 
ports described patients with this condition who had 
symmetric hyper eis 4615,19 and others recognized 

ypertrophy i in many cardiac con- 
in idiopathic hypertrophic subaortic 
stenosis. 1823:2980 / | 
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Asymmetric septal hypertrophy and systolic 
anterior motion of mitral valve in hypertrophic 
cardiomyopathy: We still do not have final, absolute 
criteria for the diagnosis of this entity. The most pop- 
ular laboratory findings usually utilized to support the 
clinical diagnosis are the intraventricular pressure 
gradient demonstrated at rest or after provocation and 
the echocardiographic findings of asymmetric septal 
hypertrophy and systolic anterior motion of the mitral 
valve.!5 When patients were found to have both asym- 
metric septal hypertrophy and systolic anterior motion 
they have usually been considered to have the ob- 
structive type of hypertrophic cardiomyopathy, and 
methods for noninvasive estimation of the intraven- 
tricular gradient in these patients have been pro- 
posed.!2:!7 However, subsequent reports have shown 
that a gradient could occur in the absence of asymmetric 
septal hypertrophy, systolic anterior motion, or 
both.7-9.16.18-21 Whereas asymmetric septal hypertrophy 
and systolic anterior motion may be appropriate criteria 
for the diagnosis of hypertrophic cardiomyopathy, they 
are not necessarily reliable in predicting the presence 
or magnitude of left ventricular outflow obstruction. It 
was suggested that systolic anterior motion may occur 
in some cases as a result of left ventricular cavity 
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= obliteration, and an interesting mechanism has been 


proposed.® 

_ Mid systolic closure of aortic valve in hypertro- 
phic cardiomyopathy: Another echocardiographic 
finding that has been described in patients with hy- 
pertrophic obstructive cardiomyopathy is mid systolic 
closure of the aortic valve,-?8 which has also been 
called early systolic closure of the aortic valve.?! We 


— have utilized the more popular term?5-2?8:32 mid systolic 
. closure. Nevertheless, partial systolic closure of the 
. aortic valve does not always occur in the exact middle 
= of systole and may vary in timing and configuration.?? 


The recent observation that such partial closure tends 
to occur earlier in systole in patients with discrete 
subaortic stenosis than in those with hypertrophic 
cardiomyopathy?! may tempt one to use the term early 
systolic closure in the former situation and mid systolic 
closure in the latter. However, in many aortic tracings 
from patients with hypertrophic cardiomyopathy the 
pattern of partial closure occurring in the earlier half 
of systole is not easily differentiated from the one seen 


. in discrete subaortic stenosis.?9?? The term early sys- 
. tolic closure has the drawback of suggesting a shortened 


— systole due to early closure of the valve. A better term 


might be intrasystolic closure of the aortic valve, which 
could be used interchangeably with, or replace, mid 


— systolic closure and would avoid the possible implication 


— that partial closure occurs at exact mid systole. 





FIRST EO 


Our study suggests that the incidence of mid systolic 


_ closure in hypertrophic cardiomyopathy may not be 
great. Six (40 percent) of the 15 patients studied had 
. evidence of mid systolic closure. Because these patients 


were selected on the basis of the concomitant findings 
of asymmetric septal hypertrophy and systolic anterior 


.. motion and 80 percent had an intraventricular pressure 
. gradient, the incidence of mid systolic closure may be 


even less if the total population of patients with hy- 
pertrophic cardiomyopathy were considered. As a sign 
of outflow obstruction in hypertrophic cardiomyopathy, 
mid systolic closure of the aortic valve may be consid- 


. ered moderately sensitive because six (75 percent) of the 
. eight patients with definite angiographic evidence of 


outflow obstruction had this echocardiographic finding. 
No patient who had no intraventricular pressure gra- 


. dient or whose gradient could be ascribed to left ven- 
. tricular cavity obliteration had mid systolic closure. 


Outflow obstruction versus cavity obliteration: 
In the two cases where outflow obstruction and cavity 


. obliteration may both be present it would be extremely 
.. difficult to determine whether the gradient is the result 
_ ofthe former or the latter. If outflow obstruction could 


be substantiated with certainty, then the sensitivity of 
mid systolic closure in this study would be further de- 


E creased. We therefore find no discrepancy between our 


data and those of Johnson et al.,?? who encountered mid 
systolic closure in 6 of 19 patients (32 percent) with id- 
iopathic hypertrophic subaortic stenosis. However, we 
cannot explain the finding of mid systolic closure in 
every one (100 percent) of 22 patients with hypertrophic 
cardiomyopathy and an intraventricular pressure gra- 
dient at rest and 71 percent of the total population of 
31 patients studied by Krajcer et al.?! Mid systolic clo- 
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sure of the aortic valve is by no means specific to the 
obstructive form of hypertrophic cardiomyopathy. In 
addition to discrete subaortic stenosis,??-?^ this finding 
has been noted in mitral regurgitation, ventricular 
septal defect, ruptured sinus of Valsalva and other 
conditions.32.33 

Our data suggest that the Gocumentation of mid 
systolic closure of the aortic valve would help in estab- 
lishing the diagnosis of outflow obstruction in hyper- 
trophic cardiomyopathy. In the recent study of Krajcer 
et al.?! this echocardiographic finding was noted in 22 
patients with hypertrophic cardiomyopathy and an 
intraventricular gradient at rest, but they do not men- 
tion the presence or absence of left ventricular cavity 
obliteration. Thus, apart from a greater incidence of mid 
systolic closure in their patient population, their ob-. 
servations do not present any significant disagreement 
with our findings. 

Mechanism of mid systolic closure of aortic valve: 
'The mechanism is nct well understood. In hypertrophic 
obstructive cardiomyopathy this finding may be ex- 
plained by the pattern of blood flow in the aorta. Several 
workers?9?7 have described excessive flow velocity in 
the first half of systole (approximately 80 percent of the 
stroke volume is ejected in that first half). This would 
account for the period of maximal separation of the 
cusps. The partial closure may be the result of the 
abrupt decrease in flow velocity. Boughner et al.?? 
documented a sharp early peak in flow velocity followed 
by a rapid decrease in mid systole and a second slower 
peak in late systole in patients with the obstructive form 
of hypertrophic cardiomyopathy. Mid systolic closure 
of the aortic valve was present in the echocardiogram 
and the movements of the cusps corresponded to the 
flow velocity variations. The mechanism of the early to 
mid systolic closure in discrete subaortic stenosis, mitral 
regurgitation or ventricular septal defect would be more 
difficult to explain, and further studies are necessary 
before any meaningful hypothesis can be developed. 

Clinical implications: Our study suggests that in- 
trasystolic closure of the aortic valve may be a fairly 
reliable sign of outflow obstruction in hypertrophic 
cardiomyopathy, but it also further stresses that no 
known finding in this entity occurs in all cases. Outflow 
obstruction is rather difficult to assess and cannot be 
ascertained on the basis of an isolated hemodynamic, 
echocardiographic or angiographic criterion. The di- 
agnosis should be based on multiple criteria. An intra- 
ventricular pressure gradient in hypertrophic cardio- 
myopathy does not always reflect the presence of out- 
flow obstruction because in a good proportion of cases 
it may be the consequence of left ventricular cavity 
obliteration. Intrasystolic closure of the aortic valve 
seems to be helpful in separating the mechanisms 
underlying these intraventricular pressure gradients. 
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Relation Between poe a Wave and 
Posterior Aortic Wall Motion - 


ag 


Left ventricular end-diastolic pressure, an apexcardiogram and an aortic 
root echocardiogram were recorded in 24 patients. Eleven patients (46 


percent) had a ratio of atrial to total amplitude (a/OE ratio) greater than 


14 percent in the apexcardiogram, and all patients had a left atrial systolic 
posterior aortic wall motion after the conduit period that was greater than 
50 percent of the total posterior aortic wall excursion as measured from 
the O to V points (A/OV ratio) on the echocardiogram. Only 2 of 24 patients 


(8 percent) had an echographic A/OV ratio greater than 0.5 with an 
. apexcardiographic a/OE ratio of less than 14 percent. There was a sig- 
 nificantly (P « 0.001) high degree of positive correlation between the 


apexcardiographic a/OE ratio and the echographic A/OV ratio (r — 0.81), 
the a/OE ratio and left ventricular end-diastolic pressure (r — 0.82), and 
the A/OV ratio and left ventricular end-diastolic pressure (r — 0.75). It 
is concluded that the amplitude of posterior aortic root motion during atrial 


 systole in relation to total posterior aortic wall motion may provide a useful 


index for the noninvasive assessment ef left ventricular compliance and 
end- diastolic bdo es 
A bir. x5 


fa 


A pronounced apexcardiographie a wave has been noted in association 
_ with ischemic heart disease, aortic valve disease, hypertension and other 


states producing decreased left ventricular compliance or increased left 


! ventricular end-diastolic pressure.!-? The exaggerated atrial component 


is thought to reflect vigorous atrial contraction in such settings. Recent 


investigation® has indicated that the magnitude of echocardiographic 


posterior aortic wall motion is related to the change in left atrial volume 
at end-diastole. Because both the apexcardiographic a wave and 
presystolic posterior aortic wall motion are noninvasive concomitants 
of events occurring at an identical period of the cardiac cycle, these 
phenomena and their relations were studied. We report here the relation 
of the apexcardiographic a wave and the A amplitude of ultrasonically 
determined posterior aortic wall motion in a group of patients with re- 
corded left ventricular end-diastolic pressures. 


Material and Methods 


Patients: Apexeardiograms and echocardiograms from 24 consecutive patients 
were studied. There were 12 men and 12 women, aged 23 to 75 years (mean 56). 
The distribution of clinical diagnoses was as follows: coronary artery disease, 
16 patients; normal, 5 patients; mitral valve disease, 2 patients; and idiopathic 
hypertrophic subaortic stenosis, 1 patient. All diagnoses were established by 
means of complete right and left heart catheterization and selective coronary 
cineangiography. Left ventricular end-diastolic pressure was determined before 
angiography using a saline-filled catheter connected to a Statham P23Db strain 
gauge. The normal subjects were studied because of chest pain that was originally 
thought to indicate organic heart disease. Noninvasive and cardiac catheter- 
ization data were obtained in each patient within 24 hours. 
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FIGURE 1. Simultaneously recorded mitral area (MA) phonocardiogram, 
apexcardiogram and lead II (LII) of the electrocardiogram. The a/OE ratio 
was measured by dividing the height of the a wave by the total amplitude 
of the apex recording as determined from the O to E points. RFW = rapid 
filling wave; SFW = slow filling wave. 


Apexcardiograms: These were recorded with patients in 
the left lateral recumbent position.? A Hewlett Packard 
APT-16 transducer connected to the alternating current 
terminal of an Electronics for Medicine DR-8 oscilloscopic 
recorder was utilized for study. The a wave was expressed as 
a percent of the total amplitude of the tracing measured from 
the O point to E point, that is, a wave ratio = a/OE x 100 (Fig. 
1). The upper limit of normal for this a/OE ratio is 14 percent 
in our laboratory. The tabulated ratio for each patient rep- 
resented those measured for five consecutive cycle lengths that 
were averaged. 

Echocardiograms: These were recorded with a Smith- 
Kline Ekoline-20A Echograph and a 2.25 megahertz trans- 
ducer. With subjects in the supine position, the transducer was 
placed at the fourth or fifth intercostal space to the left of the 
sternum and angulated superiorly and medially to record the 
aortic root and the aortic valve cusps. The ultrasonograms 
were recorded on a Honeywell 1856-A or Electronics for 
Medicine DR-8 strip chart recorder at a speed of 50 mm/sec. 
Posterior aortic root motion was measured at the aortic cusp 
level. The echographic atrial systolic A wave was measured 
from the anterior edge of the horizontal or slightly downward 
sloping posterior aortic root echo during the conduit period 
of diastole to the peak anterior edge of the maximal posterior 
aortic wall excursion (total depth of A to V points) (Fig. 2). 
The relation of this motion to the total posterior aortic root 
amplitude taken from the O point to the peak posterior aortic 
wall amplitude (V) was expressed as the ratio A/OV (Fig. 2). 
The tabulated values represented mean determinations of the 

A/OV ratios for five beats in each subject. 

Analysis: All apexcardiographic, echocardiographic and 
left ventricular end-diastolic pressure measurements were 
assessed “blindly.” Two observers examined the noninvasive 
tracings independently without knowledge of the anatomic 


FIGURE 2. Echocardiogram of aortic root indicating the measurement 
of A amplitude and total motion amplitude (OV) from the O point to V 
point of posterior aortic wall (PAW). The atrial systolic A wave amplitude 
was taken as the depth of deflection from the A point to the V point. The 
total motion amplitude was taken as the depth from the O point to the 
V point. AAW = anterior aortic wall; A to V = left atrium systolic phase 
(LAS); AV = aortic valve cusp; IC = isovolumic contraction period; IR 
= isovolumic relaxation period; LII = lead Il of electrocardiogram; LVET 
= left ventricular ejection time; MA = mitral area phonocardiogram; 
O to R = left atrium rapid emptying phase (LARE); R to A = conduit 
phase. 


diagnoses or left ventricular end-diastolic pressures. There 
was a high degree of internal consistency with no more than 
a 2 percent variance in individual wave-form measurements 
on only two apexcardiograms and three echocardiograms. 
These five records were studied jointly by two observers who 
were unaware of the catheterization data. 


Results 


Correlation of apexcardiographic and echocar- 
diographic measurements: The apexcardiographic 
a/OE ratio, left ventricular end-diastolic pressure, 
echocardiographic posterior aortic wall A amplitude, 
total posterior aortic wall amplitude (OV) and ultra- 
sonic A/OV ratio for all 24 patients are shown in Table 
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EXCARDIOGRAM AND AORTIC WALL MOTION. 


TABLE | 


TT aD i i ae eT ERES 


Apexcardiographic, Hemodynamic and Echocardiographic Data for the Study Group 


a/OE 
Ratio* 


LVEDP 
(mm Hg) 


ho — 
«o 
Oc 


eh ah QO uh ch 
PNOPOHKRONAIN LOOM 
COONCOCOOCCOODCOCO 


Amplitude (mm) 


— — — — d d 


— 


en. 
c'Ooonooomouoooounouoounoonoooonuoo!|:^ 


cO OQOQNUROOOOPROROOORÓAOMON 


B , 
C 


* Apexcardiographic a wave percent of total amplitude measured from O point to E point. 
t Echocardiographic posterior aortic wall motion amplitude at left atrial systolic phase. 


t Total amplitude of posterior aortic wall motion. 
LVEDP = left ventricular end-diastolic pressure. 


I. The apex a/OE values were greater than 14 percent 
in 11 of 24 patients (46 percent), and all 11 patients had 
an echocardiographic posterior aortic wall A/OV value 
greater than 0.50. The apex a/OE ratio ranged from 15 
to 42 percent and the A/OV ratio from 0.52 to 0.84 in 
these patients. Only two patients (8 percent) with an 
aortic A/OV value greater than 0.50 had an a/OE ratio 
of less than 14 percent. When the apexcardiographic 


n-24 

r=.81 
y=0.59x-0.16 
p«0.001 


a/OE ratio was plotted against the echocardiographic 


posterior aortic wall A/OV ratio, there was a signifi- 


=~ cantly (P <0.001) high degree of positive correlation (r 
. = 0.81) (Fig. 3). 


Correlation with left ventricular end-diastolic 


pressure: Fifteen of the 24 patients (63 percent) had 
.an end-diastolic pressure greater than 12 mm Hg. 
. Eleven of these 15 patients (73 percent) had an apex- 


FIGURE 3. Apexcardiographic a/OE ratio plotted against - 
echocardiographic A/OV ratio. There is a high degree of _ 
positive correlation (r — 0.81). p — probability. 


*, 
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cardiographic a/OE ratio greater than 14 percent. There 
was a significantly (P «0.001) high degree of correlation 
(r = 0.82) between the a/OE ratio and left ventricular 
end-diastolic pressure in the study group. Twelve of 15 
patients (80 percent) with an end-diastolic pressure 
greater than 12 mm Hg had an echocardiographic A/OV 
ratio greater than 0.5. There was a significant (P <0.001) 
pósitive correlation (r = 0.75) between the echocar- 
diographic A/OV ratio and left ventricular end-diastolic 
pressure. Of the remaining three patients with an ele- 
vated end-diastolic pressure and an A/OV ratio of less 
than 0.5, none had an apexcardiographic a/OE ratio 
greater than 14 percent. Only one patient with an 
echocardiographic A/OV ratio greater than 0.5 had a left 
ventricular end-diastolic pressure less than 12 mm Hg, 
and the apical a/OE ratio in this patient was only 7 
perce Discussion 

Systolic anterior motion of posterior aortic wall: 
an index of left atrial volume changes: The mecha- 
nisms governing aortic root motion are complex. The 
amplitude of systolic anterior motion of the aortic wall 
has been described as an index of stroke volume and 
acute changes during the Valsalva maneuver.!? Akgun 
and Layton!! found that the amplitude of aortic root 
motion was increased with mitral regurgitation, de- 
creased with mitral stenosis and normal with aortic 
regurgitation. These observed aortic wall excursion al- 
terations were attributed to changes in left atrial volume 
rather than left ventricular stroke volume. An excellent 
correlation between posterior aortic wall motion and left 
atrial volume events has been well documented with 
echocardiography and left atrial angiography. The 
superior margin of the left atrium is fixed by the pul- 
monary veins, and its posterior wall is restricted by the 
mediastinum.!2 These findings provide evidence that 
fluctuations of left atrial volume are reflected in the 
echocardiogram by motion of the anterior left atrial or 
posterior aortic wall. | 

Diastolic anterior motion of posterior aortic wall: 
an index of left atrial events: Aortic root motion 
during diastole has been classified into three phases 
based on left atrial events: left atrial emptying, conduit 
and atrial systole.9 Interestingly, certain pathologic 
states alter these aortic wall phases in a manner con- 
sistent with diastolic changes in the apexcardiogram. 
Patients with mitral stenosis demonstrate a charac- 
teristic impairment of left atrial emptying in early 
diastole with loss of the aortic wall conduit phase.!.!? 
Similarly, there is an attenuation of the rapid filling 
wave and a wave in the apexcardiogram of such pa- 
tients.!4 During atrioventricular block, an abrupt pos- 
terior movement of the posterior aortic wall echocar- 
diogram follows the P wave of the electrocardiogram 
irrespective of its timing in diastole.!! Appreciable de- 
flections have also been noted in the apexcardiograms 
of patients with heart block. These a waves are inscribed 
randomly throughout the cardiac cycle in direct relation 
to atrial depolarization.!? Atrial fibrillation produces 
an irregular contour or no a wave in both the apexcar- 





diograms and aortic root echocardiograms of patients 
with this arrhythmia. 

Correlation between apexcardiographic a/OE 
ratio and echocardiographic A/OV ratio: The data 
reported in this study indicate that there is an excellent 
correlation between the a/OE ratio of the apexcardio- 


gram and the A/OV ratio of the posterior aortic root 


echocardiogram. In addition, both ratios have a positive 
correlation with left ventricular end-diastolic pressure. 
It is widely accepted that the a wave of the apexcardi- 
ogram results from the impact of left atrial blood on the 
left ventricular wall. Accordingly, this wave is exagge- 
rated when there is reduced left ventricular compliance. 
'The posterior aortic wall presystolic wave amplitude is 
probably influenced by the relation between left atrial 
contraction and left ventricular compliance or increased 
left ventricular end-diastolic pressure. 

'The elucidation of left atrial volume and pressure 
interactions and their contribution to these apexcar- 
diographic and ultrasonic events is based on previous 
investigations. Gibson et al.’ recorded apexcardiograms 
in subjects who underwent simultaneous left ventricular 
echocardiography and pressure measurement. 'l'hey 
concluded that the apex a/OE ratio corresponded best 
to left ventricular late diastolic stiffness and suggested 
that the apexcardiogram was a useful noninvasive 
measurement of this left ventricular property. Ham- 
mermeister and Warbasse!® utilized single plane 
cineangiographic left ventricular volume curves to as- 
sess the rate and amount of left ventricular filling during 
diastole. Their study indicated that atrial contraction 
resulted in a second peak of mitral valve flow in late 
diastole that averaged 38 percent of passive filling of the 
left ventricle in normal patients. In the diseased heart, 
the contribution of atrial contraction to cardiac output 
was enhanced, as reflected by a greater second peak of 
mitral valve flow. | 

Implications: Our results suggest that a posterior 
aortic root A/OV ratio greater than 0.5 correlates with 
an abnormally elevated apexcardiographic a/OE ratio 
and left ventricular end-diastolic pressure greater than 
12 mm Hg. It was not our purpose to relate other ul- 
trasonically derived events such as mitral valve a wave 
amplitude or configuration to the apexcardiographic 
a/OE ratio. Furthermore, it is not known whether these 
apexcardiographic-aortic root echocardiographic cor- 
relations are operative in other disease states such as 
aortic valve disease or hypertensive heart disease. De- 
spite these drawbacks, our findings provide evidence 
that the amplitude of posterior aortic root motion 
during atrial systole in relation to total posterior aortic 
root motion (A/OV ratio) may provide another method 
for ascertaining the presence of reduced left ventricular 
compliance or elevated left ventricular end-diastolic 
pressure in patients undergoing echocardiography. 
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Sums of the S-T segment elevation from the 35 lead precordial electro- 
cardiographic map (2ST35) and standard 6 lead precordial electrocar- 
diogram (ZSTg) were obtained from 20 patients after acute anterior 
myocardial infarction and the calculations repeated 2, 4, 12, 24, 48, 72 
and 240 hours later. Q and R wave areas were summed (2Q35, 20s, ŻR35 
and XRg). ZST3s5 and LST, values decreased significantly in patients 
without pericarditis 7 to 12 hours after the onset of symptoms (P « 0.02), 
but increased significantly from these reduced values 25 to 48 hours after 
the onset of symptoms. An increase in ZST35 and XSTg (P <0.05) oc- 
curred 13 to 24 hours after the onset of symptoms in four patients with 
pericarditis before a pericardial rub was heard. No significant change in 
3,5 occurred from the initial to the final map study; a decrease in £ZRsas 
(P <0.02) occurred only in a group of patients studied at or before 5 hours 
after initial symptoms. No correlation was found between the initial level 
of S-T segment elevation and subsequent change in Q or R wave areas 
except in two patients whose initial electrocardiographic studies were 
performed at or within 5 hours of initial symptoms. Good correlation was 
found between XSTs; and LST, (r = +0.906, P <0.001), 2Q35 and ZQg 
(r = +0.864, P <0.001), and ZRs3s and Re (r = 00.903, P <0.001). The 
course of the S-T segment and QRS complex after anterior myocardial 
infarction depends on the time of study after initial symptoms. The standard 
6 lead precordial electrocardiogram may offer a practical alternative to 
the 35 lead map for patients with anterior myocardial infarction. 


Under controlled experimental conditions, the degree of ischemic 
myocardial damage after acute coronary arterial ligation has been re- 
ported to correlate with the sum of S-T segment elevation (2ST) ob- 
tained with epicardial and precordial electrocardiographic mapping 
techniques.!-? Furthermore, interventions designed to alter the extent 
of the ischemic myocardial damage seemed to have influenced the S-T 
segment map even when they were employed as late as 3 to 6 hours after 
coronary ligation.!-? Although controversial? these experimental ob- 
servations have been extended to man, and it has been suggested that 
at least directional changes in the degree of myocardial ischemic injury 
after acute infarction are reflected by changes in the ST obtained with 
precordial electrocardiographic maps.? More recent investigations 
suggest a measurement of the sum of R (ZR) and Q (ZQ) wave voltages 
from precordial electrocardiographic maps and use of differences in these 
sums over time as a more direct measure of the amount of myocardial 
necrosis after acute infarction.?/419 

QRS and S-T mapping has been proposed as a guide to the effective- 
ness of therapeutic interventions designed to reduce the ultimate size 
of myocardial infarction. However, an acute myocardial infarction in 
man is different from the controlled circumstance created in the ex- 
perimental animal. Variations in age, sex, chest contour, location of in- 
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TABLE | 
Patient Characteristics 
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CK (IU/liter)* 


On Time of 
Case Age (yr) Admis- Highest Site of First | Killip Peri- . 
| no. & Sex sion Value Infarct Study Class? carditis 
a a ŘE T T S c aa asst X $ . -QCardilis? i 
1 77M 9 488 A-S 11.5 I 48 
2 56M 40 386 A-S 3.0 | red e 
3 48M 57 449 A-S 4.0 | 
4 45M 70 462 A-S 9.5 I 
5 79M 21 AE A-S 5.0 I 
6 62M 41 745 A-S 7.0 | 
7 73M 226 765 A-S 17.0 I 
8 74F 28 380 A 6.0 I 
9 59M 41 161 A 5.5 I 
10 78M 66 529 A-S 10.0 Il 
11 52M 46 846 A-S 3.0 | 3. s 
12 44M 61 2507 A-S 11.0 I 72 
13 49M 90 3056 A-L 5.5 I 24 
14 63F Rr 833 A-S 7.0 | PAM 
15 49M 37 2630 A-L 10.0 I 24 
16 35M 248 2100 A-S 4.5 ll TA 
17 56F 76 1540 A-S 5.0 I 
18 49M 49 3140 A-L 1.0 I 
19 55M 317 1200 A-S 6.0 | 
20 71M 200 2560 A-S 15 | 


* Normal values for Patients 1 to 11 = 0 to 70 IU/liter, and for patients 12 to 20 = 3 to 142 IU/liter for men and 7 to 89 lU/liter for women. 


t Time (in hours) from onset of symptoms to time of initial study. 
ł Killip classification?? at time of admission. 


Time (hours) from onset cf symptoms when pericardial rub was first heard. 
Abbreviations: A — anterior; A-L — anterolateral; A-S — anteroseptal; CK — serum creatine kinase. 


farction, additional coronary lesions and other factors 
occur more frequently in man, and variability among 


patients would be greater than in the experimental 


animal. 

A variable degree of spontaneous change in the pre- 
cordial electrocardiographic map after acute myocardial 
infarction has been suggested.??11-15 Before S-T seg- 


.. ment and QRS complex mapping can be utilized as a 


reliable clinical research tool, the spontaneous evolution 
of the S- T segment and QRS complex during the acute 
phase of myocardial infarction in man needs to be 
evaluated. In this study we examined the natural history 
of the precordial electrocardiographic map in patients 
during the early and subsequent hours after acute 
myocardial infarction and compared the results of 


. precordial mapping with results obtained from use of 
__ the standard six lead precordial electrocardiogram. 


MEET res mter Tony 


Methods 
Patient characteristics: The study population comprised 


..90 patients from the coronary care unit of the Strong Memo- 


rial Hospital who met the following conditions: (1) evidence 
of acute transmural anterior, anteroseptal or anterolateral 


. myocardial infarction on the basis of history, serial electro- 
— cardiograms and serum creatine kinase enzyme and isoenzyme 
. abnormalities, and (2) onset of symptoms less than 24 hours 


before initial electrocardiographic mapping. Patients with any 
of the following were excluded from the study: (1) cardiogenic 
shock; (2) historical or electrocardiographic evidence of prior 
transmural myocardial infarction; (3) atrial fibrillation or 
atrial flutter; and (4) right bundle branch block, left bundle 
branch block, hemiblock, paced rhythm or nonspecific wid- 
ening of the QRS complex to 110 msec or more. If an intra- 
ventricular conduction abnermality developed after a pa- 
tient's entry into the study, the electrocardiographic records 


up to that point were analyzed and the remainder exclud- 
ed. 

Individual patient characteristics are given in Table I. 
There were 17 men and 3 women (mean age 58.7 years, range 
35 to 79). The first electrocardiographic study was performed 
a mean of 6.5 hours (range 1 to 17) after the onset of symp- 
toms, and all but one patient underwent the first study before 
12 hours had elapsed. Pericarditis, which developec in four 
patients was diagnosed from the presence of a pericardial 
friction rub heard by at least two examiners (patient exami- 
nations were performed at least twice daily). Patient 5 died 
9 hours after the onset of symptoms after left ventricular wall 
rupture, and Patient 9 died 6 days after admission from 
noncardiac causes. Only Patient 10 had evidence of infarct 
extension during the 10 day period of observations; he had 
recurrent chest pain, electrocardiographic changes and new 
elevation of creatine kinase enzyme values on day 7. 

Patients in the study received standard coronary care unit 
treatment. All were given morphine and oxygen at the time 
of admission. At some point during the course of electrocar- 
diographic studies, all received either intravenous lidocaine 
or procainamide. Furosemide and potassium chloride were 
administered to.14 patients and nitroglycerin for angina to 2 
patients 48 and 24 hours, respectively, after the initial study. 
Five patients received digitalis, three 48 hours after the initial 
study and two within 36 hours. Sodium nitroprusside infusion 
was administered to two patients, in one for 48 and in the 
other for 24 hours after admission. Mild hypokalemia was 
present on admission in two patients (serum potassium 3.2 
and 3.1 mEg/liter, respectively) who required treatment with 
potassium chloride. Daily records of the patients' clinical 
course, serum enzyme values and other laboratory studies 
were maintained. 

Electrocardiographic data: Precordial electrocardio- 
graphic mapping was performed utilizing 35 leads on the chest 
surface from lead positions as previously described.?: 9 The 
initial 35 lead electrocardiographic maps as well as standard 
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FIGURE 1. Typical course of XSTss (dashed line) and Z/STe (solid line) 
over time in two patients with acute anterior myocardial infarction; 
Patient 17 had no pericarditis and Patient 13 had pericarditis. See text 
for explanation of ZST35 and ZSTg. Pt = patient. 


6 lead precordial electrocardiograms were performed as soon 
as possible after admission to the coronary care unit and at 
2, 4, 12, 24, 48, 72 and 240 hours later when conditions per- 
mitted. All recordings were made on a Hewlett-Packard 1511 
B electrocardiograph at a paper speed of 50 mm/sec and 
sensitivity of 20 mm/mv. A Hewlett-Packard Welsh suction 
cup electrode (diameter 15 mm) with the electrocardiograph 
switched to the unipolar precordial position was used for all 
recordings. Each precordial map and standard six lead pre- 
cordial electrocardiogram were obtained by manually moving 
the suction cup electrode from one lead position to the next. 
The time required to obtain both records was 10 to 15 minutes. 
The 35 lead positions of the initial precordial map and stan- 
dard 6 lead precordial electrocardiogram were marked with 
a skin pencil on the chest surface to ensure consistent lead 
placement for subsequent recordings. 
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Electrocardiographic analysis: In all electrocardio- © 


graphic recordings, a line drawn between two adjacent T-P 
segments was utilized as the baseline, and subsequent mea- 
surements were obtained from an average of at least three 
QRS-T complexes in each lead. S-T segment elevation in each 
lead was determined as the vertical distance of the S-T seg- 
ment deflection above the baseline 40 msec after the end of 
the QRS complex. The sum of the S-T segment elevations 
from either the 35 lead electrocardiographic map ( ZST35) or 
standard 6 lead precordial electrocardiogram (EST) was 
obtained by adding the S-T segment elevations from each lead 
whose elevation was equal to or greater than 0.10 mv. From 
each initial and 240 hour 35 lead electrocardiographic map and 
standard 6 lead precordial electrocardiogram the sums of the 
Q wave areas (ZQs5 and DQ¢, respectively) and sums of the R 
wave areas (ERa5 and XRe, respectively) were determined. A 
*QS" deflection was considered a Q wave. The assumption was 
made that each Q and R wave approximated a triangle (area 
= lj height X width) and the result expressed in 
mv-msec. Each electrocardiogram was analyzed by a single 
observer, and blinded reproducibility testing using five dif- 
ferent patient records showed no significant errors. 
Statistical analysis: Standard descriptive statistical 
methods were used for all analyses.!? Paired t tests were used 
to follow the changes in STs5 and EST, ZQ35 and ZQs, and 
ER; and XRg over time. The total group of 20 patients was 
subdivided for S-T segment analysis into groups with and 
without pericarditis, and for QRS analysis into groups with 
an initial onset of symptoms more than 5 hours before the first 
electrocardiographic study and 5 hours or less before the first 


electrocardiographic study. Initial S-T segment elevation was — | 


correlated with changes in the Q and R wave areas from the 
initial to the final electrocardiographic records 10 days later, 
and the 35 lead electrocardiographic map was correlated with 
the standard 6 lead precordial electrocardiogram. 


Results 


Serial S-T segment mapping: The typical course 
of XST35 and XSTg over time is represented in Figure 
1 by Patient 17 (without pericarditis) and Patient 13 
(with pericarditis), and the results of the entire group 
are shown in Table II. At 7 to 12 hours after the onset 
of symptoms the mean XST35 decreased significantly 









TABLE Il 
Changes In 2ST35* Over Time 
Patients Without Pericarditis Patients With Pericarditis 
Time Periods! Change? no.3 P Value Change! no.s P Value 

1-6 vs 7-12! —1.13 + 0.38 9 <0.02 is 1 A 
7-12 vs 13-24 +0.13 + 0.36 12 <0.70 +1.05 + 0.32 4 <0.05 
7-12 vs 25-48 +0.88 + 0.39 12 <0.05 +2.00 + 1.13 4 <0.20 
7-12 vs 49-72 +0.32 + 0.43 11 <0.50 +3.13 + 0.37 3 <0.02 
7-12 vs 73-96 +0.51+ 0.51 7 <0.40 +2.72+ 0.71 3 <0.10 
13-24 vs 25-48 +0.13 + 0.36 12 <0.80 +0.98 + 0.31 4 <0.10 
13-24 vs 49-72 —0.02 + 0.33 13 <0.90 +1.88 + 0.13 3 <0.005 
13-24 vs 73-96 +0.02 + 0.52 8 <0.90 +1.53 + 0.36 3 <0.10 
25-48 vs 49-72 —0.15 + 0.37 13 =0.70 +0.78 + 0.38 3 <0.20 
25-48 vs 73-96 —0.88 + 0.63 8 «0.25 +0.77 + 0.32 3 <0.20 
49-72 vs 73-96 +0.06 + 0.25 8 <0.80 —0.08 + 0.03 2 <0.20 
73-96 vs 240 —1.92 + 0.64 7 <0.025 —4.62 + 1.07 3 <0.05 





* See text for explanation. 
t Time (hours) after initial onset of symptoms. 
* Mean change in ESTs and standard error with + = increase and — = decrease. 
5 Number of patients compared in a given time period. i 
The last value of XSTss in the first time period compared with the last value in the second time period. This method is used for all subsequent 
comparisons. 
P = probability. 
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TABLE Ill 


Mean ZST;s* at Various Time Periods In Patients With and 
Without Pericarditis (in mv) 


Without With 
Time Pericarditis Pericarditis 
Period! LST 351 no.5 XSTas: no P value | 
1-6 4.72 + 0.78 18 6.70 1 <0.50 
7-12 3.23 t 0.64 22 5.55 + 0.70 6 «0.10 
13-24 3.26 + 0.57 18 5.43 + 0.69 7 <0.05 
25-48 3.22+0.61 14 7.43 + 0.40 5 <0.005 
49-72 2.64 t 0.52 13 7.68 + 0.78 3 «0.001 
73-96 3.26 + 0.72 8 8.43 + 0.32 3 «0.005 
240 1.23 + 0.32 11 3.80 + 0.81 4 <0.005 


* See text for explanation. 

f Time (hours) from initial onset of symptoms. 

* Mean value of XSTas + standard error from all recordings obtained 
during the time period. 

$ Number of records of ESTs obtained during the time period (some 
patients were studied more than once in a given time period). 

Probability value obtained from results of unpaired t tests comparing 

patients with and without pericarditis. 


in patients without pericarditis, but increased signifi- 
cantly from this value at 13 to 24 hours. Between 7 to 12 
hours and 13 to 24 hours and between 25 'to 48 hours and 
72 to 96 hours the ZST35 remained stable in patients 


.. without pericarditis. At all time periods after 12 hours 


the mean XST}; was significantly higher in patients 
with than in those without pericarditis (Table III). 


Between 73 to 96 hours and 10 days, XST3s5 decreased 


significantly in both groups of patients, although the 
mean values of patients with pericarditis remained 
significantly higher than those of patients without this 
complication. ZST35 increased significantly in the group 
with pericarditis at 13 to 24 hours before a pericardial 
friction rub was heard (24 to 72 hours). 

Changes in Q3; and ZR; over time: For the entire 
group, between the initial and final recordings, XQ5 
tended to increase, although not significantly (P «0.20), 
whereas ZR; decreased significantly (Table IV). When 
the patients were separated into those whose first 
electrocardiographic study was performed at or within 
5 hours of initial symptoms and those whose first study 
was performed after 5 hours, one difference was noted. 
The decrease in ER35 over time remained significant 
only in patients studied at or within 5 hours after initial 
symptoms. The increase in Q35 was more prominent 
in the patients studied at or before 5 hours after the 
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onset of symptoms, but still did not reach statistical 
significance. 

Initial S-T versus change in Q and R wave areas: 
No significant correlation between initial EST; and 
change in XQs5 or ERs over time was found regardless 
of the time of entrv into the study after onset of symp- 
toms. In only two patients did the initial S-T segment 
measurements correlate with the subsequent changes 
in Q wave areas from corresponding leads (r = 0.862, P 
«0.001; r — 0.495, P «0.01). In these two patients first 
electrocardiographic studies were performed at or 
within 5 hours of initial symptoms. In no patient did the 
initial S-T segment measurements correlate with the 
changes in R wave areas from corresponding leads. 

Standard 6 lead precordial electrocardiogram 
versus 35 lead electrocardiographic map: Good 
correlation was found between DSTs and XST, (r = 
0.906, P «0.001), XQs5 and EQ« (r = 0.864, P <0.001), 
and ZR35 and XR, ír = 0.903, P <0.001). 


Discussion 


The extent (if any) to which standard drug therapy 
altered the electrocardiograms of our patients is difficult 
to determine because all patients received morphine 
and oxygen before entry into the study and no patient 
was studied at the exact time treatment with a given 
drug (lidocaine, procainamide, furosemide, for example) 
was started. The presence of mild hypokalemia and the 
administration of potassium chloride to two patients on 
admission may have affected the initial electrocardio- 
grams. To withhold all drug therapy both before and 
during the period of study was not feasible. However, 
it is doubtful that digitalis, nitrates or propranolol had 
any effect on our data because these drugs were ad- 
ministered to a small group of patients relatively late 
in the study when electrocardiographic variables had 
already begun to stabilize. 

Time course of S-T elevation: Only two previous 
studies reported serial changes in the S- T segment map 
during the first 24 hours after acute anterior myocardial 
infarction in a manner similar to ours.!518 Maroko et 
al.1 reported only minor changes in the 3ST during the 
first 24 hours after myocardial infarction in 11 patients 
contrasted to the significant decrease of }ST3;5 noted 
in our 20 patients within 12 hours after initial onset of 
symptoms. 

Kronenberg et al.!? reported stability of the S-T 





Change in 2Q35* and R35" From Initial Recording to 10 Days Later (in mv» msec) 
| esis 1 Sr RR eas S Valer lara stearate S od Cal o N 
Patient Group Change in EQ;sf no. 
Total +134.1 + 92.2 15 
Symptoms < 5 hourst +287.5 + 136.3 5 
Symptoms > 5 hours T57:9 + 1118 10 


* See text for explanation. 
t Refers to hours after initial onset of symptoms. 


P value Change in ER3st no.5 P Value 
«0.20 —79.0. 35.1 15 «0.05 
«0.20 —38.15 + 18.2 5 <0.02 
<0.70 —49.4 + 50.1 10 <0.40 


tł Mean differences + standard error from initial to final electrocardiographic map. 


3 Number by paired t tests of patients observed. 
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segment vector during the early phases of acute myo- 
cardial infarction, but a gradual decrease was noted in 
a subgroup of patients without complications. Our re- 
sults differ probably because of the earlier time of entry 
into our study, more frequent measurements and fewer 
patients with complications. Madias!*!9 and Flaherty?? 
and their co-workers reported that S-T segment ele- 
vation remains stable during the early hours after 
myocardial infarction. However, early S-T segment 
maps were obtained only twice in each patient in the 
former study, and S-T segment elevation was followed 
up for only 2 hours in the latter. Gold et al.?! also re- 
ported stability of the S- T segment during the initial 4 
hours after myocardial infarction, but excluded from 
study those patients whose S-T segments decreased 
spontaneously by more than 10 percent during the 1st 
hour of study. Norris et al.!? reported marked variability 
in S-T segment elevation in 5 of 12 patients studied 
acutely on two occasions 1 hour apart. 

Role of pericarditis: The relative rise in ZST3; 
noted between 7 to 12 and 25 to 48 hours in our 16 pa- 
tients without clinical evidence of pericarditis is unex- 
plained. Clinically undetectable pericarditis is one 
possibility. In this case, reservations regarding the 
usefulness of S- T segment mapping as a tool for mea- 
suring myocardial ischemic injury need to be made. No 
clinical evidence of infarct extension occurred in these 
16 patients, although recurrent ischemic injury, not 
clinically recognizable, could explain this phenomenon. 
Reelevation of the XST35 occurred in the four patients 
with pericarditis 13 to 24 hours after the onset of myo- 
cardial infarction, although pericardial friction rubs 
were not heard until 24 to 72 hours despite a minimum 
of 2 daily patient examinations by two or more observ- 
ers. Earlier pericardial friction rubs may have been 
missed in these four patients, but it must be emphasized 
that early development of increasing S-T segment ele- 
vation does not necessarily indicate extension of myo- 
cardial injury. 

R wave and Q wave voltage—correlation with 
S-T segment: A significant decrease in ER355 from the 
initial to the final study 10 days later was noted only in 
those patients whose first precordial map was per- 
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formed at or before 5 hours after the onset of symptoms. — 
No significant change in Q5 could be shown, although _ 
the Q wave tended to increase over this time period. The — 
initial S-T segment measurements correlate with the - 
subsequent changes in Q wave areas from corresponding 4 
leads only in two patients whose initial electrocardio- 
graphic studies were performed at or within 5 hours - 
after the onset of initial symptoms. We do not reject the 
well established observation that Q waves follow | 
transmural myocardial infarction. Our data simply | 
suggests that significant Q wave development occurred - 
before the initial S-T and QRS map was performed. The © 
suggestion of very early and rapid development of Q 4 
waves after myocardial infarction is supported by the 
experimental data of Hillis et al.^ n 
In general we were unable to show any meaningful | 
correlation between initial S-T segment measurements - 
and subsequent changes in Q and R wave areas. Rapid |. 
decline of S-T segment elevation during the early hours - 
of myocardial infarction as well as rapid changes in Q 
and R wave areas may explain this lack of relation. Qur 
patients were initially studied a mean of 6.5 hours after — 
the onset of symptoms whereas most experimental 
studies measure initial S-T segment elevation within - 
minutes to 1 hour after coronary occlusion. 
Comparison of 35 lead electrocardiographic — 
mapping with standard 6 lead precordial electro- 
cardiogram: Our correlations between 2ST35 and 
DST, XQs5 and ZQe, and ZR35 and XRe suggest that the — 
standard 6 lead precordial electrocardiogram may be 3 
a suitable alternative to the more laborious 35 lead | 
electrocardiographic map for the study of patients with 
acute anterior myocardial infarction. This investigation — 
reveals that the sum of precordial S- T segment eleva- ; 
tions after acute anterior myocardial infarction in man 
undergoes significant natural change dependent on the . 
time measurement is taken after onset of symptoms. | 
Significant changes in Q and R wave areas may occur ~ 
very early after the onset of symptoms, perhaps before | 
5 hours have elapsed. Changes in the 35 lead precordial - 
electrocardiographic map may be accurately reflected | 
in the less laborious 6 lead precordial electrocardiogram — 
in patients with acute anterior myocardial infarction. 
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The prevalence of ventricular ectopy was determined during gymnasium 
exercise in 289 normal men and 56 normal women. Ventricular ectopy 
was detected in 35 percent of men and 14 percent of women. Prevalence 
increased with age from 18 percent positive responses in men under 30 
to 50 percent over 50 years; men had more ectopy than women at each 
decade of life. Cigarette smoking, coffee drinking and regular physical 
activity had no significant impact on the prevalence of ventricular ectopy. 
The first 38 men with ventricular ectopy during the screening were rec- 
ruited for additional tests of prevalence and reproducibility. The prevalence 
of ventricular ectopy increased from 15 percent at a heart rate of less than 
120 beats/min to 50 percent at a rate of more than 150 beats/min. Ven- 
tricular ectopy occurred 2.5 times more frequently during the exercise 
than the recovery periods, and examination of both periods increased the 
yield over exercise alone by 1.2 times. At similar heart rates, the preva- 
lence levels of positive tests (both exercise and recovery periods) were 
the same during running as during ergometric exercise. The prevalence 
of ventricular ectopy was not significantly different in patients after 
myocardial infarction than in normal persons matched for age and heart 
rate (42 and 36 percent, respectively). During two sessions of gymnasium 
exercise at similar heart rates (within 10 beats), there were 21 percent 


positive results on the first test and 19 percent positive results on the © 


second (not significantly different). Positive results were reproduced in 
64 percent of cases. Reproducibility was the same at all heart rates and 
was slightly better during exercise than during recovery periods. This 
regularly exercising population had a noteworthy prevalence of ventricular 
ectopy and the results were reproducible in a high proportion of cases. 


For studies of exercise-induced ventricular ectopy to be successful, large 
numbers of subjects must be enlisted and the prevalence and repro- 
ducibility of arrhythmias must be established. A group of subjects who 
are available for recruitment are persons who participate in community 
exercise programs. These individuals could serve as either experimental 
or control groups, depending on the design of a particular study, if the 
prevalence of ventricular ectopy and the reproducibility of the findings 
were suitable. In this study, the electrocardiograms were examined 
during exercise in several physical fitness classes, and additional testing 
was performed to determine the effects of various intensities and types 
of exercise on the prevalence and reproducibility of ventricular ectopy. 
The effects of age, sex, cigarette smoking, state of conditioning and the 
presence of coronary heart disease upon the prevalence of ventricular 
ectopy were also examined. 


Subjects and Methods 


Subjects: The subjects were recruited from local exercise programs conducted 
by the Young Men's Christian Association (YMCA). The initial study consisted 
of monitoring the electrocardiograms during gymnasium exercise of 289 white 
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TABLE | 
Subjects for Study of Occurrence of Ventricular Ectopic 


uL" 
E. 
` 
A) 


Activity During Exercise Conditioning Session 


Heart Number of Subjects 
Age Rate* pparently ost- 
(yr) Status (beats/min) Normal MI 
A. Women 

<30 Trained 17543 3 
30-39 Trained 169 + 2 17 
40-49 Trained : 162 +3 26 
50-59 Trained 157 +3 10 

Total 56 0 

B. Men 

<30 Trained 17643 17 
30-34 Trained 1714 2 27 
Untrained 170 3 12 

35-39 Trained 167 +2 29 1 

Untrained 165 + 6 9 P 

40-44 Trained 165 + 2 40 1 

Untrained 163 + 2 15 date 

45-49 Trained 159 + 2 42 6 

Untrained 159 4 8 e 

50-54 Trained 159 + 2 38 5 

Untrained 150 2 3 M 

55-59 Trained 1T E2.. 26 4 
Untrained 148 t4 3 

260 Trained 156 +3 20 1 

Total 289 18 


* Expressed as mean + standard error of the mean. 
MI — myocardial infarction. 


men and 56 white women (total 345 subjects). From these 


- subjects the first 38 who had been training at least 6 months 


-~ and who had ventricular ectopic activity during the workout 
= were recruited for additional studies including bicycle er- 


. gometry. Also 21 patients with a prior myocardial infarction 
. were recruited from a special exercise class. More than 6 
J months had lapsed after the infarction, and all patients were 
— considered to be in functional class I (New York Heart Asso- 


ciation Criteria’). . 
On the initial encounter the normal subjects completed a 


... questionnaire to certify that they had no known heart disease 


. and were taking no medication. No medical examination was 


— conducted, and the patient's word was accepted for the state 


of health. The subjects had been exercising regularly before 
— the study, and they were monitored during a usual exercise 
session. 


Exercise protocols: The 38 subjects who were recruited 


for repeat tests were evaluated with a history, physical ex- 


amination and resting electrocardiogram. No abnormalities 


. were detected. After the electrocardiographic electrodes were 


. attached, the subjects were monitored while they rested for 


—. 5 minutes in the sitting position. Three types of exercise were 


performed for the study: (1) walking or running, or both, in 


a gymnasium; (2) upright exercise on a bicycle ergometer; and 


(3) arm exercise while seated. Each subject performed two of 
the three types of work, but no more than one test was per- 


- formed on each day. All tests for each subject were conducted 


within a 2 week period. Several levels of work intensity were 
used, one of which was near maximal as judged from the heart 
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rate. All exercise was performed for 6 minutes if possible, and 
the subjects were monitored for 5 minutes of recovery in the 
sitting position immediately after the exercise. The greatest 
work load was performed for the full 6 minutes by 64 percent 
of the subjects; and the load was shortened in the remaining 
subjects because of leg fatigue. 

A mechanically braked ergometer was used for the upright 
cycling with the pedal rate maintained at 50 revolutions/min. 
Exercise was performed for 6 minutes at increasing intensity 
until a heart rate of at least 85 percent of the age-estimated 
maximal was exceeded. 

Arm exercise was performed with the subject seated in front 
of a table on which a bicycle ergometer was mounted. The 
height of the ergometer was selected to keep the arms hori- 
zontal. The frequency of arm cranking was 50 revolutions/min. 
The arm exercise was terminated at 70 percent of the subjects 
estimated maximal heart rate for leg work.? 

Gymnasium exercise was performed according to one of 
the following instructions: (1) walk at a normal pace; (2) walk 
as fast as can be comfortably maintained; (3) jog as slowly as 
possible; and (4) jog at a comfortable speed. The subjects with 
poor physical fitness could do only the walking; well trained 
subjects easily performed all four paces. 

Electrocardiographic recording and examination: 
Electrocardiograms were recorded during bicycle and arm 
exercise by means of lightweight leads connected to an elec- 
trocardiograph, tape recorder or an oscilloscope with a 15 
second delay loop. Gymnasium exercise was monitored with 
radiotelemetry. In all cases the electrocardiogram was under : 
close scrutiny by an experienced observer. In about 25 percent 
of cases the electrocardiogram was recorded continuously on 
electromagnetic tape and played back after the procedure. In 
another 25 percent an oscilloscope with a 15 second memory 
loop was used so that any suspicious rhythm disturbance could 
be recorded. In the remaining 50 percent an experienced ob- 
server gave the oscillosccpe his undivided attention, and if any 
suspicious abnormalities occurred the electrocardiogram was 
allowed to run continuously until the test was over. Each 
subject had all examinations performed using the same 
method. The only results decided on the basis of the oscillo- 
scope alone were those with single premature ventricular 
beats. Four of the 100 positive tests simultaneously taped and 
examined with this technique in the clinical laboratory at the 
Beth Israel Hospital were considered negative when single 
premature ventricular complexes were found on the tape, 
indicating a miss rate of less than 5 percent. 

A complex was called.a premature ventricular complex if 
it met the following criteria: a different configuration, a 
definitely wider duraticn than other QRS complexes, pre- 
mature timing, subsequent compensatory pause and the ab- 
sence of a premature P wave. No attempt was made to dif- 
ferentiate premature ventricular complexes from aberrantly 
conducted supraventricular complexes except with the stated 
criteria; however, complexes with slight changes in configu- 
ration without widening of the QRS complex were not con- 
sidered ventricular even if a P wave was not discernible. The 
total number of premature ventricular complexes at rest in- 
cluded those observed during the 5 minutes preceding the 
exercise. Recovery values included all premature ventricular 
complexes seen during 5 minutes of recovery. If 6 minutes of 
exercise could not be completed, the number was corrected 
to that figure by multiplying the number of ectopic beats/min 
by 6. 

Analysis of data: The data from the study were examined 
in several ways and are expressed as mean and standard error 
of the mean. Positive and negative groups were compared 
using chi square analysis. In studies of reproducibility the tests 
were analyzed in the order in which they were performed. 





TABLE Il 


Occurrence of Ventricular Ectopic Activity* at Various 
Ages in 289 Men and 56 Women 


Men Women 
no. With no. With 

Age Positive Positive 

(yr) no. Tests no. Tests 
<30 17 3 (1896) 3 0 (096) 
30-39 77 22 (2996) 17 1 (696) 
40-49 105 32 (3096) 26 5 (1996) 
50-59 70 35 (50%) 10 2 (20%) 
260 20 10 (50%) Me. i. 
Total 289 102 (35.396) 56 8 (14.326) 


* During the exercise or recovery period of the test, or both. 


Results 


Occurrence of Ventricular Ectopic Activity During 
Exercise Sessions 


The heart rate at which men and women exercised 
was quite high (Table I). The number of positive tests 
showing ventricular ectopy in men increased with in- 
creasing age from 18 percent in those under 30 years to 
50 percent in those over 50 years (Table II). Women had 
a similar pattern, with an increase from 0 percent in 
those under 30 years to 20 percent in those over 50 years, 
and the frequency of occurrence of ventricular ectopy 
was less in women of all age groups. The frequency of 
occurrence of ventricular ectopy in all men was 35.5 
percent compared with 14.3 percent in women (differ- 
ence significant by chi square test: P «0.05). 

In Table III the data from the screening experiments 
in men are subdivided by the categories of physical 
conditioning, coffee consumption and cigarette smok- 
ing. The age ranges used for comparisons in Table IH 
were selected because of the numbers of suitable 
subjects. Although many subjects reported that they 
drank coffee occasionally or once a week, and so forth, 
only persons with a definite history of drinking more 
than one cup a day were included as coffee drinkers and 
only those who stated that they never drank coffee were 
classified as noncoffee drinkers. 'Twenty-nine percent 
of the conditioned men had ventricular ectopy com- 
pared with 38 percent of the unconditioned men (P 
70.05). Cigarette smokers and nonsmokers had almost 
the same rate of positive tests (36 and 38 percent, re- 
spectively, P >0.1), as did coffee drinkers and noncoffee 
drinkers (52 and 54 percent, respectively, P >0.1). 


Occurrence and Reproducibility of Ventricular Ectopic 
Activity During Follow-up Tests 


After the initial screening, some persons performed 
more than one test for many of the categories of com- 
parison. This occurred because each subject had to 
perform several levels of exercise to provide a range of 
heart rates for matching. Hence some subjects had more 
than one test eligible for comparison, and most of the 
tables have more comparisons than subjects. This may 
have created some bias; however, the effects of that bias 
should be small because no subject had more than two 
comparisons entered. The data were tested in this way 
since it would be even more biased to select only one 
comparison for each subject. 


pA “+ "T 


TR 


P: zs r - | - 
, ho DE. ddr ar x “4 : ~ "PU Ih way, We "daa Wizy 
WT F Bt) = AE pee DURIN M ebay - cvninM Fr T 
|^ urb AD ECTOPIC ACTIVITY DURING EXERCISE—EKBLON Mn 
"29 E TR e 3 P 2 EC ^PIC AC ! YIN 1 JH Nia LEAL -Ei D ka "n AL TI 
4 T" CUM ^ 7" s i i [a d 


TABLE Ill 

Comparison of Occurrence of Ventricular Ectopic Activity * 
During Gymnasium Exercise in Subgroups of Men Aged 40 
to 59 Years 


Heart no. With 
Subjects Rate! Positive 
(no.) (beats/min) Tests 

Conditioned 82 162+ 2 24 (29%) 
Unconditioned 23 15944 9 (3996) 
Cigarette smokers 28 150+ 2 10 (36%) 
Nonsmokers 121 152 4 46 (38%) 
Coffee drinkers 50 159 +4 26 (52%) 
Noncoffee drinkers 13 156 +5 7 (54%) 


INUS ahr SE eS DE CA SS 
* Any premature complex during the exercise or the recovery pe- 


riod. 
t Expressed as mean + standard error of the mean. 


TABLE IV . 


Occurrence of Ventricular Ectopic Activity at Various Heart 
Rates in 38 Normal Men 


Heart Total Positive Tests (no.) 

Rate Tests During During During 
(beats/min) (no.) Exercise Recovery Either * 
«110 44 5 (1196) 0 (096) 5 (1196) 
110-119 20 2 (1096) 0 (096) 2 (1096) 
120-129 16 3 (19%) 1(6%) 4 (25%) 
130-139 18 6 (3396) 3 (1796) 8 (4496) 
140-149 18 8 (4496) 3 (1796) 11 (6195) 
2150 46 23 (5096) 12 (2696) 26 (5696) 
Total 162 47 (2996) 19 (1296) 56 (3596) 


* Occurrence during either the recovery or exercise period. 


Seven subjects always had ventricular ectopy during 
rest (more than 1 premature complex/min, exercise and 
recovery. In some of the seven the number of ventricular 
premature complexes decreased or even disappeared 
as the heart rate accelerated, but ventricular ectopy was 
always present. These seven subjects (four normal 
subjects and three patients with prior infarction) were 
not included in the comparisons for reproducibility 
because the emphasis of the study was on exercise- 
induced ectopy. 

Occurrence of ventricular ectopy at various 
heart rates and during each phase of the gymnasi- 
um exercise (Table IV): The prevalence rates of 
ventricular ectopy in men increased from 10 percent at 
a heart rate of 110 to 119 beats/min to 50 percent at a 
rate of more than 150 beats/min in men. A greater 
prevalence of ventricular ectopy was observed during 
exercise compared with recovery (29 and 12 percent, 
respectively, P «0.05). An additional 6 percent positive 
tests were detected if the recovery period was examined 
in addition to the exercise period. In Table V, ventric- 
ular ectopy was compared in 18 patients with prior in- 
farction and 34 normal subjects matched for age and 
heart rate. The overall tendency toward a greater 
prevalence in the postinfarction group was not statis- 
tically significant (P 20.05). 

The occurrence of positive tests increased with faster 
heart rates (Table VI). By comparing the sum of the 
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= +,+ and +, 0 columns (first test period) with the sum 
— of the +, + and 0, + columns (second test period) in 
_ Table VI one can analyze the reproducibility of positive 
_ tests in the group. Those figures are indicated as prev- 
-. alence in Table VI. Although the least reproducibility 
—.. was observed with a heart rate of less than 110 beats/ 
. min, there was no definite trend of increasing repro- 
- ducibility with faster heart rates. 
Individual reproducibility is expressed as +, + col- 
- umn divided by the +, + column plus the +, 0 column. 
. This represents the percent of persons whose first test 


= TABLE V 





was positive and whose retest was positive. Table VI 
shows that individual reproducibility was quite low at 
a heart rate of less than 120 beats/min, although the 
numbers are so low that this must be regarded only as 
a trend. The data suggest that the probability that an 
individual subject would reproduce a positive result was 
greater at a heart rate of more than 130 beats/min than 
at a slower rate. ; 
Exercise versus recovery periods: The 35 percent 
prevalence rate of positive tests for ventricular ectopy 
during the exercise period was reproduced by the group 


Occurrence of Ventricular Ectopy* During Gymnasium Exercise in Normal Subjects and Patients With a 


. Prior Myocardial Infarction 





E" Normal Subjects (no. — 34) Postmyocardial Infarction Patients (no. — 18) 
Er. Heart Total Positive Total Positive 
E Rate Testst Tests Tests! Tests 
E (beats/min) (no.) (no.) (no.) (no.) 
b «110 44 5 (1196) 26 7 (2796) 
f 110-119 20 2 (1096) 4 2 (50%) 
wa 120-129 16 4 (2596) | 12 4 (3396) 
m 130-139 18 8 (4496) 18 11 (6196) 
? 140-149 18 11 (8196) 8 3 (37 96) 
5 2149 46 26 (54%) 4 4 (7596) 
E. Total 162 56 (3596) 72 30 (4296) 


t The number of individual exercise sessions. 


* The presence of any premature ventricular complex during the exercise or the recovery period. 


E. Reproducibility of Ventricular Ectopy During Two Exercise Sessions at Various Heart Rates in 30 Normal Subjects During 


TABLE VI 
= Leg Exercise* 
EC Heart Rate 
A (beats/min) TG +,0 0,+ 
E «110 0 3 2 
a, 110-119 0 1 1 
a 120-129 9 2 2 
a 130-139 4 0 0 
A 140-149 4 2 1 
E 10 2 4 


A >149 


; Individual 
Prevalence Rate (%) Reproducibility 
0,0 Trial 1 Trial 2 (%) 
17 14 9 0 
8 1 1 0 
2 73 73 82 
5 44 44 100 
2 67 55 100 
8 50 58 83 





* Heart rate during the two sessions agreed within 10 beats/min. +,+ = ventricular ectopy on both tests; +,0 = ventricular ectopy on the first 

. . but not the second test; 0,+ = ventricular ectopy only on the second test; 0,0 = no ventricular ectopy on either test. The last three columns represent 

.. the probability of reproducing a positive test in groups or individual subjects. The prevalence rate of ventricular ectopy in trial 1 is compared with 
__ that in trial 2 for the entire group. Individual reproducibility is the percent of subjects whose first and second tests were both positive. 


t 
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TABLE VII 


= Reproducibility of Occurrence of Ventricular Ectopy During Leg Exercise (gymnasium or bicycle ergometer) in 


Normal Subjects 


E. > 





A. Gymnasium Exercise Performed on Two Occasions at Heart Rates Within 10 beats/min (20 subjects) 














F Individual 

| Prevalence Rate (96) Reproducibility 
J Ep s +,0 0, 0,0 Trial 1 Trial 2 (96) 
|. Exercise 5 4 4 13 35 35 55 
| Recovery 1 4 2 19 19 11 20 
! Either 6 4 3 13 38 35 60 

B. Bicycle Exercise (trial 1) Followed by Gymnasium Exercise (trial 2) at Heart Rates Within 10 beats/min (25 subjects) 
Exercise | 8 6 5 28 30 28 57 
Recovery 3 3 2 39 13 11 50 
Either 11 5 5 26 34 34 69 








The definitions of the columns are presented in Table VI and in the text. 
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exactly in the two runs during gymnasium exercise 
(Table VII). During the recovery period the prevalence 
rate was 19 percent during the first run and 11 percent 
during the second run, suggesting less reproducibility 
than that of the exercise period. Reproducibility for 
persons who had a positive first test was also greater 
during gymnasium exercise than during recovery. 

Comparison of gymnasium, arm and bicycle ex- 
ercise: The group had a positive response during ex- 
ercise, recovery, or both, in almost exactly the same 
percentage during bicycle as during the gymnasium 
exercise (Table VII B). Furthermore, the patterns of 
lesser prevalence and reproducibility during recovery 
were the same when bicycle exercise was followed by 
gymnasium exercise as when the gymnasium exercise 
was performed twice (Table VII A). 

A session with arm exercise was compared with a 
second trial with leg exercise at the same heart rate 
(Table VIII). Because of the small numbers of subjects, 


normal subjects and patients with a prior infarction are | 


combined, although data for the two types of subjects 
are shown separately. The prevalence of positive tests 
was small, with two tests (12.5 percent) positive for 
ventricular ectopy during the arm exercise session and 
four tests (25 percent) positive during the leg exercise 
session. Fifty percent of subjects with a positive re- 
sponse during leg exercise had a positive response 
during arm work. 

Patients after infarction and normal subjects: 
Comparisons of patients with a prior myocardial in- 
farction and age-matched normal subjects are presented 
in Table IX. Successive tests of normal subjects were 
positive on two occasions in 28 cases (34 percent). 
Thirteen patients (36 percent) with a prior infarction 
had a positive response in the first session compared 
with 17 (47 percent) in the second session. This suggests 
that group reproducibility was not quite as good in the 
postinfarction group as in normal subjects, although 
differences were small. Individual reproducibility for 
a positive test was 64 percent for normal subjects and 
46 percent for patients with a prior infarction. 

Reproducibility of number of premature ven- 
tricular complexes during the exercise plus the 
recovery periods: All subjects who had ventricular 
ectopy on the first test had a retest value within eight 
ectopic complexes of the first test. In 99 percent of all 
subjects the number of premature complexes on each 
test differed by a value of nine or less. In amost 90 per- 
cent of persons who had ventricular ectopy in the first 
session, the number of ventricular premature complexes 


TABLE IX 
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in the second session differed by seven complexes or less 
from the initial value. Of patients with no premature 
ventricular complexes in the first exercise session, 90 
percent had a difference of four premature ventricular 
complexes/min or less in the second session. Only 22 
percent of patients with ectopy in the first test had a 
second test that agreed exactly, and 39 percent had a 
test that agreed exactly whether the initial test results 
were positive or negative. 

The probability of finding ventricular ectopy on a 
second test: This was examined as a function of the 
number of premature ventricular complexes in the first 
test. The higher the absolute number of premature 
ventricular complexes, the more likely it was that a 
positive result would occur on retest. If one to five pre- 
mature ventricular complexes occurred in the first test, 
then 43 percent of the subjects had a positive repeat 
test. If more than 10 premature ventricular complexes 
occurred during the test, the chance of having a positive 
repeat test was 83 percent. 

High grades of ventricular ectopy: These occurred 
infrequently in the normal subjects. ‘The frequency of 
occurrence of complex forms including multiform 
complexes and ventricular couplets tended to increase 


with increasing age. In men, sequential ventricular beats — 


were seen in 1.5, 3, 3 and 5 percent, respectively, of those 
aged 30 to 39, 40 to 49, 50 to 59 and 60 or more years. No 
complex forms were seen in the patients with a prior 
infarction. Only four subjects with ventricular couplets 
were in the reproducibility study; in all four the ar- 
rhythmia occurred at a heat rate of more than 140 
beats/min. Two of those four subjects had the ar- 
rhythmia on repeat tests at an equivalent heart rate. 


TABLE VIII 


Comparison of Reproducibility of Ventricular Ectopy Induced | | 


by Arm Exercise (trial 1) With a Test Performed at Similar 
Heart Rates With Leg Exercise (trial 2)* 


Prevalence 
_Rate(%) Individual 
Subjects Trial Trial Reproduc- 
(no. +,+ t0 0T 00 .1 2 ibility (96) 
Normal 4 0- 1 1 6 
Prior 3 1 g* rag 5 
MI 
Total 7 1 1 9. "Tt. be 29 50 


Because of their small number, the two subject groups are combined 
in determining prevalence and reproducibility data. Table format as in 
Table VI. 

MI = myocardial infarction. 


Comparison of Reproducibility of Ventricular Ectopy During Successive Leg Exercise in Normal Patients and in Patients 


With a Prior Myocardial Infarction 


healt ra roce doni ipia vob EE Pee Eee Se tmo nO ME A LL E E LL AMES UR eo prie ce! 


Jut +,0 
Normal (30 subjects, 164 tests) 18 10 
Prior Infarction (11 subjects, 72 tests) 6 7 


Table format as in Table VI. 


Individual 
Prevalence Rate (%) Reproducibility 
0,0 Trial 1 Trial 2 (%) 
10 44 34 34 64 
12 36 47 46 
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n Discussion 
r a Prevalence of ventricular ectopy: The prevalence 
. of ventricular ectopy was assessed in 345 men and 
. women who regularly participate in an exercise condi- 
5 Bionine program. The subjects were monitored during 

_ their usual workout, and the high heart rates generated 

- provided the means of examining the electrocardiogram 

. during a substantial exercise stress without staging a 

- formal test. The prevalence of ventricular ectopic ac- 
tivity increased from 18 percent in subjects younger 

_ than 30 years of age to greater than 50 percent in those 
- older than 50 years. Women had less ventricular ectopy 
- than men (14 and 35 percent, respectively). The effects 
of age and sex were similar to those observed by oth- 
ers. 
— The occurrence of ventricular ectopy was examined 
- in several subsets of the population to determine the 
- influence of physical condition, coffee consumption and 
E cigarette smoking. Ventricular ectopy occurred as fre- 
E- . quently in subjects who trained for more than 6 months 
_as in those who trained for less than 4 weeks. Studies by 
- Blackburn et al.5 indicate a reduction in the prevalence 
| 35 ventricular ectopy with exercise conditioning; that 
. effect may not be apparent in our study because no 
= completely untrained group was studied. Neither coffee 
— drinking nor cigarette smoking affected the prevalence 
— of ventricular ectopy. 

Factors influencing ventricular ectopy: Repeated 
exercise tests revealed several factors that influence 
EE ectopy. The prevalence rate of ventricular 
. ectopic activity increased from 10 percent at a heart rate 
of less than 120 beats/min to more than 50 percent at 
- heart rates greater than 140 beats/min. The association 
— ofa greater prevalence of ventricular ectopy with faster 
- heart rates has been observed in several studies.?^ 
— Ventricular ectopy was observed more frequently dur- 
— ing the exercise than during the recovery phases of the 
— test. This finding was consistent at all heart rates and 
— with all types of exercise. The finding of greater prev- 
.  alence during exercise than during recovery cannot be 

. explained on the basis of difference in duration of the 

_ two periods because almost no premature ventricular 

F E contractions occurred after the 5th minute of recovery. 

— Exercise and recovery periods together yielded 20 per- 
= cent more positive tests than exercise alone. 

E E. The patients with a prior myocardial infarction did 





not have a significantly greater prevalence of exercise- 


— induced ventricular ectopy than normal subjects, in 
= contrast to findings of other investigators. The patients 
= were in excellent condition, had been in the exercise 


|»... 1. Criteria Committee of the New York Heart Association: Diseases 

a of the Heart and Blood Vessels (Nomenclature and Criteria for Di- 

gs agnosis), sixth edition. Boston, Little, Brown, 1964 

= 2. Scandinavian Committee on Electrocardiogram Classification. Acta 
Med Scand 183:Suppl 481:3, 1967 

3. Jelinek MV, Lown B: Exercise stress testing for exposure of cardiac 
arrhythmias. Prog Cardiovasc Dis 16:497-522, 1974 

4. Faris JV, McHenry P, Jordan J, Morris S: Prevalence and repro- 
ducibility of exercise-induced ventricular arrhythmias during maximal 
exercise testing in normal men. Am J Cardiol 37:617—622, 1976 

5. Blackburn H, Taylor HC, Hamrell B, Buskirk E, Nicholas W, Thorsen 
R: Premature ventricular complexes induced by stress testing. Am 





class for several months, had no complications and were 
taking no medication. These selection factors un- 
doubtedly explain the small prevalence of ventricular 
ectopy, and the results suggest that a previous myo- 
cardial infarction does not necessarily mean a greater 
prevaence of ventricular ectopy. 

Reproducibility of ventricular ectopy: This was 
quite good in groups but worse in individual subjects. 
The percent of positive tests in a group was almost 
identical on two tests for any heart rate or exercise 
condition. Even the type of exercise did not affect 
prevalence, and groups of persons who achieved the 
same heart rate had the same prevalence of ventricular 
ectopy whether running or riding a bicycle ergometer. 
Arm exercise did not produce more ventricular ectopy 
than leg exercise performed at a comparable heart rate. 
Hence, our data suggest that arm exercise is not pref- 
erable because fatigue prevents the achievement of high 
heart rates.’ 

Individual subjects did not reproduce ventricular 
ectopy as well as groups. A person with a positive re- 
sponse on one test had a 55 percent chance of having 
positive response on retest. A similar result was reported 
by Faris et al.* who studied subjects twice within 2.5 
years. In our study, persons with a negative test almost 
always had a negative retest. 

The duplication of an exact number of ventricular 
ectopic complexes occurred only in 22 percent of all 
patients who had some ventricular ectopy on the first 
test. However, the number of premature ventricular 
complexes may be of value in predicting the probability 
of having a subsequent positive test. If more than 10 
ectopic complexes were found, a subsequent test was 
positive in more than 80 percent of the cases. 

Implications: Because of the design of our study the 
subjects were highly selected; however, persons who 
participate in community exercise programs probably 
have similar characteristics. Hence, our data should 
prove useful in planning experiments, as long as all of 
the factors that might influence the end result, such as 
the presence of risk factors for coronary heart disease 
and sudden death; are carefully assessed. 
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Segmental “early relaxation" is a common angiographic finding. An at- 


tempt was made to elucidate the temporal characteristics of this event. $ 


Twenty subjects with and 20 without segmental early relaxation were 


studied. The left ventricular diastolic relaxation time was precisely de- 1 
termined angiographically, and the findings were as follows: 0.12 + 0.04 — 
second (mean + standard deviation) in the normal patients, 0.14 + 0.03 — 
second in the patients with coronary artery disease but no segmental early — 
relaxation and 0.20 + 0.04 second in the patients with segmental early — 
relaxation. These findings indicate that early relaxation is associated with 
a significantly prolonged ventricular relaxation time. The use of the term 
asynchronous ventricular relaxation is proposed to denote the disturbed 


diastolic properties of the ventricle with “early relaxation." 


Ventricular contraction abnormalities are common and significant se- 


quellae of coronary artery disease.-? Whereas systolic abnormalities have _ 


been explored relatively extensively!-4 and their angiographic and 
prognostic significance established, diastolic relaxation properties of 
the left ventricle remain less well defined. Apparent early relaxation of 


a ventricular segment is a commonly encountered angiographic event — 
that precedes the opening of the mitral valve. This has been termed 


segmental early relaxation.9-7 


This report investigates the temporal characteristics of this phe- 


nomenon and explores its pathologic and clinical significance. 
Methods 


Patients: The records of our catheterization laboratory were used to compare 
20 subjects who had undergone cardiac catheterization and coronary arteriog- 


raphy and who had apparent segmental early relaxation with 10 normal subjects _ 


who had had cardiac catheterization because of an atypical chest pain syndrome 
and 10 subjects who had coronary artery disease but no segmental early relax- 
ation. Subjects were included only if they had sinus rhythm and had no elec- 
trocardiographic evidence of conduction abnormalities of the left bundle branch 
system. Subjects with rheumatic heart disease were not included. Only subjects 
with adequate opacification of at least two ventricular beats during sinus rhythm 
on left ventricular angiograms were selected. 

Left heart catheterization: This was performed using the right brachial 
cut-down or the percutaneous femoral approach. Left ventriculograms were 


performed in the 30° right anterior oblique and 60? left anterior oblique views — 
consecutively. Biplane angiography was not performed in any subject. Thirty-five _ 


to 45 cc of meglumine and sodium diatrizoate (Renografin9-76) was injected 
within 3 seconds with a Cordis power injector. Cineangiography was performed 
at 64 frames/sec with a Siemens 9 inch (23 cm) image intensification system using 
a 35 mm Arriflex camera. During left ventriculography, the electrocardiogram 
was recorded on high speed photographic paper using an Electronics for Medi- 
cine DR8 recorder. Magnification was corrected with a grid placed precisely at 


the level of the cardiac apex in the same oblique position. Immediately before _ 
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and directly after left ventriculography, left ventricular 
pressure was recorded using a saline-filled catheter and a 
Statham P23 Db strain gauge. 

Coronary arteriography was performed using standard 
techniques.® Multiple views of each coronary artery were 
taken, with at least two projections for the right and four for 
the left coronary artery. The cine film was then viewed on a 
39 mm Tagarno projector that allowed rapid sequence as well 
as frame by frame analysis. Coronary disease was considered 
present if there was evidence of 50 percent or greater luminal 
narrowing of the vessel as assessed independently by two 
observers. The presence or absence of collateral circulation 
was noted. 


FIGURE 1. Asynchronous left ventricular relaxation. A, left 
ventricle in end-systole. B, 120 msec later. The relaxation 
of the anterolateral segment precedes the opening of the 
mitral valve. The dashed line indicates the end-systolic 
contour. C, D and E, the opening of the mitral valve with the 
inflow of unopacified blood and generalized ventricular dia- 
stolic relaxation. 


Analysis of left ventricular motion: Left ventricular 
volume and ejection fraction were determined with accepted 
methods.!?.1 End-diastole was defined as the last frame be- 
fore the onset of ventricular ejection and usually coincided 
with the peak of the R wave in the simultaneously recorded 
electrocardiogram. End-systole was defined as the frame 
showing the smallest ventricular contour as determined by 
two observers. Ventricular premature contractions and 
postventricular premature contractions were excluded from 
the analysis. Early relaxation was considered present when 
a sudden localized bulge (Fig. 1) of any segment occurred after 
end-systole. The frames were counted from end-systole to the 
frame showing the onset of the early relaxation phenomenon 
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TABLE | 
Left Ventricular Relaxation Time in Subjects With Early Relaxation (Asynchronous Ventricular Relaxation) 


; y gioi an te USE. T» e ds A ih sh ERN ^a 1 STE vf ewe zj S ke eRe 7 
ASYNCHRONOUS VENTRICULAR RELAXATION—ALAM ET AL. - 
R e L4 Ve > r 7T. SW v , í ran on”, | PNE, 


Duration From Duration From 


| End-Systole End-Systole 
Systolic Segmental to Relaxation to Opening of 
Case Contraction Early Phenomenon Mitral Valve 
no. Abnormality Relaxation (sec) (sec) CAD J 
. Group IA, CAD 
1 ais Ant lat 0.19 0.25 RCA,LAD 
2 Posterobasal Ant lat 0.14 0.22 LAD 
3 A Ant lat 0.13 0.23 RCA,LAD 
4 de Ant lat 0.13 0.28 LAD 
5 Apical Ant lat 0.16 0.27 RCA,LAD, 
(hypokinesia) LCx 
6 ae Ant lat 0.08 0.16 Occluded 
LAD graft 
7 Ant lat 0.08 0.19 
8 Ant lat 0.08 0.22 Er was 
LCx 
9 Posterobasal Ant lat 0.16 0.31 jr a 
LCx 
10 Inferoapical Ant lat 0.14 0.25 ROAR , 
X 
11 Posterobasal Ant lat 0.11 0.20 Ree 
LCx 
12 qu Ant lat 0.08 0.17 D 
13 hd Ant lat 0.11 0.22 RED 
X 
14 Posterobasal Ant lat 0.09 0.14 d Ae 
X 
15 T Ant lat 0.05 0.19 RCA,LAD, 
NEU D Du quo uui Epi lisi auem du e M Mr M NM 
Group IB, No CAD : 
16 35 Ant lat 0.11 0.20 
17 AM Ant lat 0.17 0.28 
18 f Ant lat 0.02 0.08 
19 A Ant lat 0.09 0.13 
20 ae Ant lat 0.07 0.14 
Groups IA & IB 
Mean 0.20 
+ SD + 0.04 


Ue v ITEM 1 AE AE ee oan acta: HELF SLR MRATT RC Me INC TL he CE x 
Ant lat = anterolateral; CAD = coronary artery disease; Inf = inferior; LAD = left anterior descending coronary artery; LCx = circumflex coronary ; 1 


artery; RCA = right coronary artery; SD = standard deviation. 


and to the end of the isovolumic relaxation period as defined 
by the last frame before the opening of the mitral valve visu- 
alized angiographically. The heart rate was determined from 
the R-R interval in the simultaneously recorded electrocar- 
diogram. 

Standard t tests were used to determine the significance 
of difference between means. 


Results 


Study groups: The 40 subjects who met the study 
criteria were as follows: 

Group I consisted of 20 subjects with the early re- 
laxation phenomenon in one ventricular segment. Fif- 
teen subjects (Group IA) had coronary artery disease, 
and five (Group IB) had normal coronary arteries. All 
subjects had been referred for the evaluation of chest 
pain. The anterior wall, either lateral, apical or basal, 
was the early relaxing segment in all cases. Hypokinesia 
or akinesia of a ventricular segment—apical in two and 
posterobasal in four—were present in six subjects. The 
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early relaxing segment did not contract abnormally 
during systole in any subject. 

Group II consisted of 10 subjects with coronary artery 
disease without the early relaxation phenomenon. Four 
subjects had a systolic contraction abnormality. Akin- 
esia of the anterolateral wall was present in two, of the 


apical septal segment in one and of the posterior and © 


diaphragmatic wall in two. 

Group III consisted of 10 subjects with normal cor- 
onary arteries and a normal ventriculogram. 

Timing of early relaxation phenomenon: The 
isovolumic phase in Group I had a mean value (+ 
standard deviation) of 0.20 + 0.04 second with a range 
of 0.13 to 0.28 (Table I). An example of the segmental 
early relaxation phenomenon is shown in Figure 1. In 


the subjects with early relaxation and coronary artery . 
disease (Group IA), the duration of the isovolumic phase . 
was 0.22 + 0.04 second, whereas in the subjects with - 


normal coronary arteries (Group IB), it was 0.16 + 0.07 
second. The early relaxation phenomenon consistently 
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. Left Ventricular Relaxation Time in the Absence of 
-Early Relaxation 
‘of Duration of 
| End-Systole 
ES Systolic to Opening of 
. Patient Contraction Mitral Valve 
| no. Abnormality (sec) CAD 


Group Il, CAD 
0.16 LAD 


Anterolateral 0.14 RCA,LAD,LCx 


(akinetic) ; 
SES 0.11 RCA (PDA) 
Posterobasal 0.09 RCA,LAD,LCx 
(hypokinetic) | 
Anterolateral 0.14 RCA,LAD,LCx 
diaphragmatic 
(akinetic) 


"d , nd 
x v 


Septal 
(hypokinetic) 


ao O0 P 


E 6 0.13 RCA,LAD,LCx 
E 7 xh» 0.16 LAD 
2E" 8 sakes 0.14 LAD 
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.... CAD = coronary artery disease; LAD = left anterior descending 
_ Coronary artery; LCx = left circumflex coronary artery; PDA = posterior 
... descending coronary artery; RCA = right coronary artery; SD — stan- 
— dard deviation. 
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-. occurred before the opening of the mitral valve, 0.09 to 
0.11 second after end-systole. 

_ The isovolumic phase of relaxation was 0.14 + 0.03 
. second in Group II and 0.12 + 0.04 second in Group III 
- but was significantly longer in Groups IA and IB (P = 
-. 0.001) (Table II). An example of normal isovolumic re- 
a laxation is shown in Figure 2. In every case the mitral 
valve started to open simultaneously with the onset of 
- outward ventricular wall movement. 

. Extent and distribution of coronary arterial 
. obstruction: Fifteen subjects in Group I had significant 
- obstructive coronary disease, with involvement of the 
- left anterior descending coronary artery. Ten of these 
_ subjects also had obstruction of the right coronary ar- 
— tery and 8 also had circumflex artery disease. Eight 
— subjects in Group I had triple vessel disease. There 
. appeared to be no difference in the extent and distri- 
_ bution of coronary obstruction in Groups I and II. Nine 
. Subjects in Group II had significant left anterior de- 
— scending artery disease. Six subjects had involvement 
— of the right coronary artery, and five had circumflex 





TABLE Ill 

End-Diastolic Pressures and Volumes (mean + 

standard deviation) 2 

oe iene P all be NA ey oe 

Group Group Group 
| II Ill 

kc LO UH oo Tet eS See? 
EDP (mm Hg) 13+6 14+6 12.6 +5 
EDVI (ml/m^) 91+ 18 72+6 744 24 
EF (%) 72+9 64 t 11 7049 -« 


EDP = end-diastolic pressure; EDV! = end diastolic volume index: 
EF = ejection fraction. 


artery disease. One subject in Group II had isolated 
severe stenosis of the posterior descending artery, and 
six of the 10 subjects had triple vessel disease. There was 
no difference in the presence of collateral circulation 
between Group IA and Group II. 

Electrocardiograms: There was no consistent 
electrocardiographic abnormality in the subjects with 
the early relaxation phenomenon. Three subjects had 
a diaphragmatic myocardial infarction pattern on 
electrocardiography, with angiographic evidence of 
abnormal inferior or posterior wall motion, or both. Only 
two subjects had unequivocal criteria of anteroseptal 
myocardial infarction with angiocardiographic confir- 
mation. 

Left ventricular end-diastolic pressure and vol- 
umes: Left ventricular end-diastolic pressure was 
slightly elevated in Groups I and II. Three subjects in 
Group I had an end-diastolic pressure greater than 15 
mm Hg, and two had a pressure greater than 20 mm Hg. 
There was no significant difference in ejection fraction 
and end-diastolic pressure between Groups II and III. 
End-diastolic ventricular volume did not differ signif- 
icantly among the three groups (91 + 18, 72 + 6 and 74 
+ 24 ml/m? in Groups I, II and III, respectively) (Table 
III). 


Discussion 


The apparent early relaxation of a segment of the 
ventricular silhouette as seen on ventriculography is a 
common phenomenon that occurs in a variety of clinical 
and experimental conditions. It has been reported in 
mitral valve prolapse!? and has been experimentally 
produced at ventricular pacing sites.!? The precise 
temporal relation of early diastolic events in patients 
who manifest this phenomenon has not previously been 
explained. 

Our observations suggest that the diastolic relaxation 
phase preceding the opening of the mitral valve is sig- 
nificantly prolonged in subjects with segmental early 
relaxation, whereas it is usually normal in subjects 
without early relaxation, whether or not they have 
coronary disease or systolic contraction abnormalities. 
This phase is particularly prolonged in subjects with 
both early relaxation and coronary artery disease. 
Upton, Gibson and their co-workers!4^!5 examined left 
ventricular relaxation in man using echocardiographic 
and angiographic techniques. Echocardiographically, 
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FIGURE 2. Normal ventricular relaxation. A, end-systole; B and C, 
generalized ventricular relaxation simultaneous with inflow of unopa- 
cified blood. 


they demonstrated delayed opening of the mitral valve 
and a significant increase in transverse left ventricular 
dimension prior to mitral valve opening in subjects with 
coronary artery disease. These findings were associated 
with specific segmental contraction abnormalities, 
unlike the observations in the present study. Angio- 
graphically, these investigators demonstrated a rela- 
tively small delay in all subjects with coronary artery 
disease (120 + 18 msec); this delay, although statistically 
different from that in their own control group, is within 
the generally accepted normal range.56.16.!7 Using so- 
phisticated computerized analysis, they were able to 
show inward as well as outward movement. 

It is difficult to assess whether their patients are 
strictly comparable with our subjects with the charac- 
teristic segmental abnormality. Nevertheless, their data 
like ours suggest that this is a disorder of late rather 
than early relaxation and that it is a nonhomogeneous 
diastolic event. In this sense, the term early relaxation 
is a poor one because it seems to suggest that some area 
of the ventricle is relaxing earlier than is normal, which 
is not the case. The first region of the left ventricle to 
relax in early relaxation is doing so at a time generally 
corresponding to normal ventricular relaxation. For this 
reason we propose the more general term asynchronous 
ventricular relaxation to describe this phenomenon. 
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Relation to coronary artery disease: The relation 
of asynchronous ventricular relaxation to coronary ar- 
tery disease is not clear. The majority of the subjects in 
previously reported series as well as in our study had 
coronary artery disease, frequently with involvement 
of the left anterior descending artery.5®7-18 There also 
appears to be agreement that the phenomenon generally 
occurs in normally contracting segments.56/^16 This 
disorder can also be found in subjects with apparently 
normal coronary vessels, although there is evidence 
suggesting that a normal coronary arteriogram does not 
exclude the possibility of myocardial ischemia.!? All of 
our subjects were referred for the evaluation of chest 
pain. 

The study of Weisfeldt et al.2° suggested that the 
ventricular relaxation abnormality may be related to an 
imbalance between blood supply and oxygen demand. 
In a postsurgical study, Wilson et al." found that three 
of eight patients with patent grafts to the left anterior 
descending coronary artery no longer manifested seg- 
mental early relaxation, whereas four patients with 
occluded grafts retained this phenomenon. 

Pathogenesis: The pathogenesis of asynchronous 
relaxation is not clear. Benchimol, Arevalo and their 
co-workers!?:21 investigated this phase of the cardiac 
cycle in patients and dogs and observed that myocardial 
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. relaxation is significantly prolonged in various disease 
_ states and after various pharmacologic interventions. 
X. Ruttley et al.16 attributed “pre inflow relaxation" and 
_ volume change of the left ventricle prior to the opening 
— of the mitral valve to the return of blood contained in 
. the patent aortic leaflet at the end of ventricular ejec- 
— tion. The noninvasive echocardiographic studies of 
_ Upton et al.!^ suggest that the catheter position across 
__ the aortic valve is not an important factor in the genesis 
= of this phenomenon. McLaurin, Grossman and their 
= €o-workers??2? reported a significant reduction in the 
.. rate of decrease of pressure during isovolumic diastole 
. and a measurable prolongation of this period in the 
— canine left ventricle rendered ischemic experimentally. 
_ They concluded that incomplete ventricular relaxation 





apparently occurs under ischemic conditions that could 
lead to a change in the functional visco-elastic proper- 
ties of the diastolic ventricle; the impaired diastolic 
performance of an ischemic ventricle may be a conse* 
quence of these changes. Furthermore, the demon- 
stration by Fanburg et al.?* that myocardial relaxation 
is an active energy-demanding process suggests that 
ischemia could interfere with such a process. ; 

Our study suggests that asynchronous ventricular 
relaxation is part of a spectrum of myocardial relaxation 
abnormalities that manifest a prolonged isovolumic 
phase. 
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Announcing NA 1 , > C NW 
DOUBLE STRENGTH 


IK LYTE EFFERVESCENT TABLETS 


Each effervescent tablet in solution supplies 50 mEq potassium as bicarbonate and citrate. 


© ei e | 

A Prescribing Considerations | 
nd in goo -tasting Indications: K-LYTE DS, is an oral earch supplement for therapy or prophylaxis of potassium | 
deficiency. It is particularly useful when thiazide diuretics, corticosteroids, or severe vomiting and 


* 
orange nnd lime flavors diarrhea cause excessive excretory potassium losses; and when dietary potassium is low. Carefully 


monitored, K-LYTE DS may also be useful for potassium replacement where digitalis intoxication 


are MN 
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: results in cardiac arrhythmias. 
s Easy dosage to remember in Contraindications: Impaired renal function with oliguria or azotemia; Addison's disease; 
é . hyperkalemia from any cause. 
pr eferred | Iqui d form are 50 m Eq arnings and Precautions: Since the amount of potassium deficiency may be difficult to determine 
z accurately, supplements should be administered with caution, and dosages adjusted to the require- 
potas sium / ta blet. ments of the individual patient. Potassium intoxication rarely occurs in patients with normal kidney _ 
function. Symptoms of potassium intoxication are variable. They include listlessness, mental confusion, 


and tingling of the extremities. Frequent checks of the clinical status of the patient, ECG, and serum 


mE li minates mu Itidose confusion potassium level are desirable. In established hypokalemia, attention should also be directed toward 


other potential electrolyte disturbances. Potassium supplements should be given cautiously to 


when taken concu rrently with digitalized patients and such patients should be monitored by ECG for cardiac irregularities. To mini- 
h d mize the aper gs of ipii decens IT vri wits Fa 1h of kite 
potassium salt preparations, patients should be carefully directed to dissolve each dose 
ot er rugs. completely in the stated amount of water. 


Adverse Reactions: Nausea, vomiting, diarrhea, and abdominal discomfort may occur with the use of 


m A record of safety...no reports of potassium salts 


osage and Administration: Adults: 1 tablet completely dissolved, 1 to 2 times daily, depending 


Gl ulceration in over a decade upon the requirements of the patient: 1 tablet (50 mEq. potassium) in 6 to 8 ounces of cold or ice 
a water. The normal adult daily requirement is approximately 50 mEq. of elemental potassium. — . 
of Use of origi nal K-LYTE: NOTE: ft is suggested that K-LYTE DS be taken with meals and sipped slowly over a 5-10 minute 
` z How Supplied: K-LYTE DS effervescent tablets (orange or lime flavors) are available in cartons of 30 
? Cost IS less tha na d iet of individually foil-wrapped tablets. Also available, K-LYTE (25 mEq. potassium) effervescent tablets 


(orange or lime flavors) in cartons of 30 and 250. 


: potassi um-rich foods. Mead ison PHARMACEUTICAL DIVISION 


/ * See Prescribing Considerations ©1978 MEAD JOHNSON & COMPANY * EVANSVILLE. INDIANA 47721 U.S.A, MJL7-4267 
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SSSA The new IBM 5880 ECG Acquisition and 
IBM Biomedical Systems cw Analysis System—an aid to informed 
PO. Box 10, Dept. NA decision making and quality patient care. 


Princeton, New Jersey 08540 
Using the IBM ECG Analysis Program, designed by R. E. 
Bonner of IBM in consultation with patient-care cardiologists, 


| 
[.] Please send me information | 
| the system provides a computer-assisted ECG interpretation 


on the IBM 5880 ECG Acquisition 
and Analysis System. ES : kaip ' i 1 
for physician review within minutes—right at patient bedside. 
* Consists of a modern, mobile 3-channel electrocardio- 
graph using the IBM ECG Analysis Program 
* Provides a valuable aid to improved patient care in 


O Please ask your representative 
to eall for an appointment. 











MD hospitals, groups, clinics, HMOs and in occupational medicine 
* Offers, in STAT situations, prompt ECG acquisition and 
Hospital | analysis, around the clock 
| e Serviced by the existing IBM customer engineering 
Street organization, located countrywide for rapid response 


For information eall toll-free 
1 7 v 3 1 - . B E 
City — — :— — State — — — — — Zip —— l 800/631-5582 (in New Jersey, 


| 
fe. — € —— ——————— — — xi 800/352-4960) or send coupon. 
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sy The sum OT ITs assets... 
the distinctive Step 1 diuretic 
for hypertension 


© not just another thiazide 


e as effective and well tolerated 
as any thiazide or thiazide-like 
diuretic 


once-a-day dosage regimen to 
encourage patient compliance 


a duration of action that 
provides 24-hour hypertension 
control with a single tablet dail 


peak diuretic activity during 
waking hours...low potential fo 
nocturia 


three tablet strengths for 
dosage flexibility 


easily accomplished 
dosage titration 


effective in patients with low GFR 
...ÞDecause of its dual renal 
tubular action 


| SEARLE Please see last page for a brief summar 





Not just another thiazide 


Diulo (metolazone) is a thiazide-like diuretic — the 
latest in a progression of products that began with 
chlorothiazide in 1957, and led to the introduction of 
furosemide nearly a decade later. 


In Diulo, however, is found a different molecular 
Structure, one which distinguishes it pharma- 
cologically and clinically from the thiazides, as well 
as from the osmotic agents, carbonic anhydrase 
inhibitors, loop of Henle blockers, mercurials and 
potassium-sparing diuretics. 


Furthermore, Diulo offers a combination of 
exceptional features and benefits that make it the 
distinctive Step 1 diuretic for hypertension. 


As effective and well 
tolerated as any thiazide 
or thiazide-like diuretic 


In extensive clinical trials? excellent results were 
obtained with metolazone in blood pressure reduction 
and the incidence of annoying side effects was low. 
Metolazone has been described as superior in 
efficacy to hydrochlorothiazide! and more active on a 
milligram basis. ? Another clinical trial? has shown 


Blood pressure changes over a 20-week period in patients com- 
pleting an initial treatment interval with metolazone. 
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metolazone to be as effective as chlorthalidone. 
Results presented in the accompanying graph are 
typical of those obtained in extensive clinical trials 


Additionally, the active ingredient of Diulo has beei 
cited®:5-8 for the low incidence of untoward reactio 
associated with its use. Side effects encountered ; 
those generally observed with the thiazides, such 
gastrointestinal symptoms, drowsiness and sympt 
related to volume depletion. 


In the experience of one investigator, “... muscle ` 
weakness, tiredness, and dry mouth...have seldo 
been a problem with this drug [metolazone]."? 


Once-a-day dosage 
regimen to encourage 
patient compliance 


“Metolazone can also simplify dosage schedules... 
since it is effective in single daily doses.” 


With Diulo diuresis usually begins within one hour, 
with maximum diuresis occurring in about two houl 
As a result of the drug's pharmacokinetics, diuretic 
effect persists up to 24 hours. You can thus mainte 
antihypertensive control for a 24-hour period. 


For these reasons, Diulo provides for a “one tablet 
each morning” regimen. In the experience of sever 
teams of investigators,*:*§ this advantage contribu 
to patient compliance. 


A duration of action 

that provides 24-hour 
hypertension control 
with a single tablet daily 


The characteristic absorption and distribution of 
metolazone in the body can help to explain some o 
the important therapeutic features and benefits of 
Diulo. Because it binds to plasma protein and is 
excreted relatively slowly, Diulo has a prolonged 
duration of action and maintains round-the-clock 
control of blood pressure with one tablet in the 
morning. Compatible with the average patient's 
life-style, it is taken at the start of the routine day. 
Activity of the drug parallels, rather than intrudes 
upon, the busy hours spent at work, the quieter 
mealtime hour and the more relaxed evening hours 
At the usual antihypertensive dose, blood pressure 
control is provided for 24 hours. 


Peak diuretic activity during 
waking hours... 
ow potential for nocturia 


[he requisite daily single dose of Diulo exerts 
naximum diuresis in about two hours and the major 
dart of its diuretic action takes place during the first 16 
Yours after administration. In preintroductory studies? 

olving 1,612 patients, only 11 or 0.682% of patients 
eported nocturia. 


[hree tablet strengths for 
dosage flexibility 


Jiulo is supplied in three tablet strengths, and each 
san be administered on a once-daily basis. Clinicians 
are thus afforded latitude in individualizing therapy 
according to patient response, while maintaining an 
»asily-complied-with, one-tablet-daily dosage regimen 
..a notable combination of dosage flexibility and 
2atient convenience. 


Easily accomplished 
dosage titration 


?rudence suggests that in programs of hypertension 
management, drugs should be administered in 
sufficient dosage to gain a maximal initial therapeutic 
'esponse, but in the smallest dosage possible to 
maintain that therapeutic response. 


If the regimen of a particular diuretic calls for tablets to 
oe broken in half, or taken in various combinations or 
sequences, it may be difficult to titrate dosage without 
compromising the compliance advantage of 
one-tablet-a-day therapy. 


Diulo with its three dosage strengths of 212, 5 and 10 
mg. permits easy adjustment of intake and titration 
flexibility ... while the patient continues to take just one 
tablet a day. 


In hypertension... 
unsurpassed for 
Step 1 therapy 





Effective in patients 

with low glomerular filtration 
rate (GFR)... because of its 
dual renal tubular action 


Diulo exerts action at two renal tubular sites — distally 
as well as at a proximal site. It acts primarily by 
inhibiting sodium reabsorption in the cortical diluting 
segment, and secondarily blocks reabsorption in the 
proximal tubule. Unlike the thiazides and chlor- 
thalidone, Diulo accomplishes this secondary action 
without interfering with carbonic anhydrase. This 
duality of effect is important when one considers the 
propensity of the thiazides to reduce GFR and, often, 
renal plasma flow (RPF). 


During a study’? designed to evaluate metolazone in 
17 patients with chronically depressed GFR and in 
three with nephrotic syndrome, significant blood 
pressure reduction, adequate diuresis or both, were 
attained by 8096 of the patients. 


Diulo can thus be recommended not only for those 
with uncomplicated hypertension, but also when the 
hypertension is complicated by renal problems - a 
clear-cut therapeutic advantage unattainable with 
thiazides or chlorthalidone. 


Please see last page for a brief summary 
of prescribing information. 
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DIULO™ (metolazone) 2'2-mg., 5-mg. and 10-mg. tablets 
Before prescribing, see complete prescribing information. The 
following is'a brief summary: Indications: Diulo (metolazone) 
Is an antihypertensive diuretic indicated for the management 
of mild to moderate essential hypertension as sole therapeutic 
agent and in the more severe forms of hypertension in con- 
junction with other antihypertensive agents. Also, edema asso- 
ciated with heart failure and renal disease. Contraindications: 
Anuria, hepatic coma or precoma; allergy or sensitivity to 
metolazone. Warnings: In theory, cross-allergy may occur in 
patients allergic to sulfonamide-derived drugs, thiazides or 
quinethazone. Hypokalemia may occur, and is a particular 
hazard in digitalized patients; dangerous or fatal arrhythmias 
may occur. Azotemia and hyperuricemia may be noted or pre- 
cipitated. Considerable potentiation may occur when given 
concurrently with furosemide. When added to other antihyper- 
tensives, the dosage of the other agents should be reduced. 
Use with potassium-sparing diuretics may cause potassium 
retention and hyperkalemia. Administration to pregnant women 
or those of childbearing age requires that potential benefits be 
weighed against possible hazards to the fetus. Metolazone 
appears in the breast milk. Not recommended for pediatric 
use. Precautions: Perform periodic examination of serum 
electrolytes, BUN, uric acid, and glucose. Observe patients for 
signs of fluid or electrolyte imbalance, hyponatremia, 
hypochloremic alkalosis and hypokalemia. These 
determinations are particularly important when there is 
excessive vomiting or diarrhea, or when parenteral fluids are 
administered. Patients treated with diuretics or corticosteroids 
are susceptible to potassium depletion. Caution should be 
observed when administering to patients with gout or 
hyperuricemia or those with severely impaired renal function. 
Insulin requirements may be affected in diabetics, and 
hyperglycemia and glycosuria may occur in latent diabetes. 
Chloride deficit and hypochloremic alkalosis may occur. 
Orthostatic hypotension may occur. Dilutional hyponatremia 
may occur. Adverse Reactions: Constipation, nausea, 
vomiting, anorexia, diarrhea, bloating, epigastric distress, 
intrahepatic cholestatic jaundice, hepatitis, syncope, 
dizziness, drowsiness, vertigo, headache, orthostatic 
hypotension, excessive volume depletion, hemoconcentration. 
venous thrombosis, palpitation, chest pain, leukopenia, 


urticaria, other skin rashes, dryness of mouth, hypokalen 
hyponatremia, hypochloremia, hypochloremic alkalosis, 
hyperuricemia, hyperglycemia, glycosuria, raised BUN o 
creatinine, fatigue, muscle cramps or spasm, weakness, 
restlessness, chills, and acute gouty attacks. Usual Initi 
Once-Daily Dosages: Mild to mocerate essential 
hypertension — 2v2 to 5 mg.; edema of cardiac failure — . 
10 mg.; edema of renal disease — 5 to 20 mg. Dosage 
adjustment is usually necessary during the course of ther 
How Supplied: Tablets, 21⁄2, 5 and 10 mg.; in bottles of 1 


References: 1. Sambhi, M. P., and others; in Sambhi, M. P. (Editor): 
Systemic Effects of Antihypertensive Agents, Miami, Symposia Speciali 
Inc., 1976, pp. 221-245. 2. Johns, C. T.: Clin. Ther. 1:43-47, 1977. 3. Fot 
S., and others: Clin. Pharmacol. Ther. 16:318-321, 1974. 4. Pilewski. R. 
and others: Clin. Pharmacol. Ther. 12:843-848, 1971. 5. Cangiano, J. L., 
and others: Curr. Ther. Res. 16:778-785, 1974. 6. Cangiano, J. L.: Curr. 
Ther. Res. 20:745-750. 1978. 7. Van Hoose, M. C., and Cutler, R. E.: Cu 
Ther. Res. 20:266-276. 1976. 8. Weingarten, C.: Curr. Ther. Res. 
20:737-744, 1976. 9. Data on file, Searle Laboratories. 10. Bennett, W. ! 
and Porter, G. A.: J. Clin. Pharmacol. 13:357-364, 1973. 
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When It Comes To The New ICH 
-Channel Holter System... 


Simultaneous 








2-channel dynamic display: 
(> iMi ; also static display of Vica ids d abl during 
ri order or optional both channels. 


2-channel recorder dynamic and static mode. 



















Cassette tape deck. 


Processes both 
single and 2-channel 
ECG recordings. 


Step by step 
instructions displayed 
on screen for ease of 
operation. 


Continuously 
recorded, discrete 
timing track. 


Rechargeable or 
disposable batteries. 


System easily updatable. 
for automated features. 


Fresh, modern, 
functional styling. Cassette tape: 


All The Points Are In Your Favor. 


ow there's a new 2-channel Holter System that has been | iig 





lesigned with your needs in mind. All the features you 

ould expect in a 2-channel system are right at your Instruments : 6057 C ste Drive, E. Syracuse, N.Y. 13057 
ngertips. Push a button and the screen will display for Cardiac Tels (315) 437-7281. i 
elpful instructions every step of the way. The point to , 


| 
| 
onsider is the ease and simplicity in which the ICR | would like to hear more about the ICR 2-channel Holter System. 
ee ree raphy System delivers PROSE O Send me more information on the ICR 2-channel Holter System. | 
And with the new 2-channel recorder, there will be no CJ Have an ICR representative contact me. 
nore time consuming setbacks due to improper recorder | 
ook-up technique. You can be sure you'll be getting all O ! am looking for a direct writing Vector Cardiograph and hear that ICR has the best. 

e ECG information you need from your patient during Please send information. | 
he entire recording period. And accurately. Mans | 
Make a point to send for more information on the NEW. 

R 2-channel Holter Cardiography System. Or better Affiliation | 
et, call ICR and let us show you the easy way to Holter 
ardiography. ` Street — — — | 

struments for Cardiac Research, Inc. City Sú 
)057 Corporate Drive, E. Syracuse, N.Y. 13057 | 
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The Clinical Challenge: 
Restoration of Hemodynamic Balance 
in Shock Associated with Sepsis 
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edisposing factors in septic shock include: 
abscess * surgery ¢ indwelling or IV catheters 
ost-instrumentation * tracheostomy aspiration 
"postpartum  » mechanical ventilation * trauma 


the role of catecholamines 
mtropin® (dopamine HCl)— considered the best-tolerated of 
ihe inotropic agents when volume expansion alone is insufficient 
;o alleviate shock'—increases myocardial contractility, selectively 
redistributes perfusion to essential viscera and allows a pharmacologic 
titration of effect.? Thus, Intropin functions as an inotropic diuretic? 
ind is a logical first-choice catecholamine for treatment of shock.? 
When signs of early shock are detected, Intropin should be considered as an essential 
part of a total program to restore adequate perfusion: 


» provision of adequate blood volume to normalize cell metabolism 

» treatment of the specific cause of infection 

e correction of acid/base imbalance 

» redirection of perfusion to vital organs 

When volume expansion does not produce adequate patient response, Intropin produces more 
favorable overall results than either norepinephrine or isoproterenol...and its specific renal 
and mesenteric artery vasodilating properties make it the most applicable agent in septic 


shock, if arterial pressure can be maintained.* 


References: 1. Gunnar, R.M., Symposium, Use of dopamine in shock, University of Southern California, Hollywood Presbyterian Medical Center, 
Los Angeles, May 18, 1976. 2. Reid, P.R. and Thompson, W.L., Johns Hopkins Med. J., 137:276-279, 1975. 3. Rosenblum, R., Am. Heart J., 
87:527-530, April 1974. 4. Winslow, E.J., Loeb, H.S., Rahimtoola, M.B., Kamath, S. and Gunnar, R.M., Am. J. Med., 54:421-430, April 1973. 
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A unique response to the clinical challenge of septic shock 
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- INTROPIN' (dopamine He! 
aaa £ (dopamine HCI) 
p L ie! - 
-5ml AMPUL/FOR IV INJECTION 
esc. 
Em. 
"1 . . BRIEF SUMMARY OF PRESCRIBING INFORMATION 
.. DESCRIPTION: INTROPIN (dopamine HCI) is 3, 4-dihydroxyphenethylamine hydrochloride, a 
.  malurally-occurring biochemical catecholamine precursor of norepinephrine. It is a white, 
odorless, crystalline powder, freely soluble in water and soluble in alcohol; sensitive to light, 
- alkalis, iron salts and oxidizing agents. Each ml of sterile, non-pyrogenic INTROPIN Injection 
. contains 40 mg of dopamine hydrochloride (equivalent to 32.3 mg of dopamine base) in Water 
for Injection, USP, containing 1% sodium bisulfite as a preservative. 
- . INDICATIONS: For the correction of hemodynamic imbalances present in the shock syndrome 
- due to myocardial infarctions, trauma, endotoxic septicemia, open heart surgery, renal failure, 
ij -and chronic cardiac decompensation as in congestive failure. 


"UR Poor Perfusion of Vital Organs — Urine flow appears to be one of the better diagnostic signs 
= by which adequacy of vital organ per'usion can be monitored. The physician should also 
Observe the patient for signs of reversal of confusion or comatose condition. Loss of pallor, 
-increase in toe temperature and/or adequacy of nail bed capillary filling may also be used 
= as indices of adequate dosage. Note that at doses above those optimal for the individual 
. . patient, urine flow may decrease, necessitating reduction of dosage. Concurrent administra- 
i -tion of INTROPIN and diuretic agents may produce a potentiating effect. 
F Bid Cardiac Output — Increased cardiac output is related to the direct inotropic effect of 
__ INTROPIN on the myocardium. Increased cardiac output at low or moderate doses has been 
E . associated with either static or decreased systemic vascular resistance (SVR) and appears 
. to be related to a favorable prognosis. Increase in cardiac output produced by INTROPIN 
s not associated with substantial decreases in SVR as may occur with isoproterenol. 


. . Hypotension — Hypotension due to inadequate cardiac output can be managed by administra- 
tion of low to moderate doses of INTROPIN, which have little effect on SVR. At high 
therapeutic doses, the drug's alpha adrenergic activity becomes more prominent and thus 
. may correct hypotension due to diminished SVR. Administration should be considered as 
- Soon as a definite trend toward decreased systolic and diastolic pressure becomes evident. 


.. CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma. 


__ WARNINGS: INTROPIN should not be administered in the presence of uncorrected tachy- 
. arrythmias or ventricular fibrillation. INTROPIN should not be added to any alkaline diluent 

- solution since the drug is inactivated in alkaline solutions. Patients who have been treated 
- Wwith monamine oxidase (MAO) inhibitors prior to the administration of INTROPIN will require 
substantially reduced dosage (1/10 the usual starting dose). 


x at Usage in Pregnancy—INTROPIN may be used in pregnant patients when, in the judgment 
... Qf the physician, the expected benefits outweigh the potential risk to the fetus. 


Usage in Children—The safety and efficacy of INTROPIN for pediatric use has not been 
- established. 

= PRECAUTIONS: Avoid Hypovolemia — Pricr to treatment with INTROPIN, hypovolemia should 
- be fully corrected, if possible, with either whole blood or plasma as indicated. 


= Decreased Pulse Pressure — If a disproportionate rise in the diastolic pressure (i.e. a marked 
. decrease in the pulse pressure) is observed in patients receiving INTROPIN, the infusion rate 


. Should be decreased and the patient observed carefully for further evidence of predominant 
vasoconstrictor activity, unless such an effect is desired. 


- Extravasation — INTROPIN should be infused into a large vein whenever possible to prevent 
the possibility of extravasation into tissue adjacent to the infusion site which may cause 
— .  mecmsis and sloughing of surrounding tissue Large veins of the antecubital fossa are 
= preferred to veins in the dorsum of the hand or ankle. 


.— Occlusive Vascular Disease —Patients with a history of occlusive vascular disease (for 
- example, atherosclerosis, arterial embolism, Raynaud's disease, cold injury, diabetic 
. endarteritis, and Buerger's disease) should be closely monitored for any changes in color 
Of temperature of the skin in the extremities. 
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IMPORTANT — Antidote for Peripheral ischemia: To prevent sloughing and necrosis 
in ischemic areas, the area should be infiltrated as soon as possible with 10 to 15 ml 
of saline solution containing from 5 to 10 mg of Regitine* (brand of phentolamine), 
. am adrenergic blocking agent. A syringe with a fine hypodermic needle should be 
| used, and the solution liberally infiltrated throughout the ischemic area. Sympathetic 
| blockade with phentolamine causes immediate and conspicuous local hyperemic 
| changes if the area is infiltrated within 12 hours. Therefore, phentolamine should 
| be given as soon as possible after the extravasation is noted. 


.. Avoid Cyclopropane or Halogenated Hydrocarbon Anesthetics — Because of the theoretical 
= arrhythmogenic potential of these agents and the known increase in cardiac autonomic 
irritability which may sensitize the myocardium, INTROPIN should be used with EXTREME 
= CAUTION in patients inhaling such anesthetics. 


ae Careful Monitoring Required— As in the case of any adrenergic agent, infusion of 
_____INTROPIN should be accompanied by close monitoring of urine flow, cardiac output and 
. . blood pressure. 


23 .. ADVERSE REACTIONS: The most frequent include ectopic beats, nausea, vomiting, tachy- 
~ Cardia, anginal pain, palpitation, dyspnea, headache, hypotension, and vasoconstriction. 
Others reported infrequently are aberrant @onduction, bradycardia, piloerection, widened QRS 
. Complex, azotemia, and elevated blood pressure. 
WARNING: This is a potent drug — must be diluted before administration to patient. 
OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood pressure 
~ elevation, reduce rate of administration or temporarily discontinue INTROPIN until patient's 
. Condition stabilizes. Since the drug's duration of action is quite short, no additional remedial 
. measures are usually necessary. If these measures fail to stabilize the patient's condition, 
. use of the short-acting alpha adrenergic blocking agent, phentolamine, should be considered. 
.. CAUTION: Federal law prohibits dispensing without a prescription. Full directions for use 
should be read before administering or prescribing. September, 1978 
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Determinants, Complications and Intervention 


Edited by GADDO ONESTI, M.D. and 
CHRISTIAN R. KLIMT, M.D. 


This work is the result of the Fifth Hahnemann In- 
ternational Symposium on Hypertension. CONTENTS 
(Section Headings): Determinants of Hypertension; 
Cardiovascular Complications; End Organ Damage: 
Benefit and Risk of Intervention; Therapeutic and Pre- 
ventive Trials and Community Programs. A sampling 
of articles includes; Interrelationships of Sodium and 
Hypertension; Genetics and Familial Aggregation of 
Blood Pressure; Psychosocial Determinants of Hyper- 
tension; Studies on Artorial Metabolism and Mor- 
phology in Spontaneous and Doca-Induced Hyperten- 
sion; The Treatment of Hypertension with Diuretics; 
Hemodynamic Effects of Oxprenolol in Hypertensive 
Patients; Antihypertensive Effect of Metroprolol; 
CNS-Acting Drugs-Theoretical Pharmacology; Discon- 
tinuation of Clonidine Therapy: On the Effects of 
Withdrawing Long-Term Drug Treatment; The Hyper- 
tension Detection and Follow-Up Program. 

1979, 496 pp., $39.50 ISBN : 0-8089-1108-2 

Send payment with order and save postage and handling 
charge. Prices are subject to change without notice. 

U.S. customers please note: On prepaid orders— payment 


will be refunded for titles on which shipment is not pos- 
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The new MAC- eliminates the three major 
problems in taking ECG’s: 

4. Baseline drift 

2. AC interference 

3. Trace positioning 


And provides these additional and exclusive 
features: 


Marquette Announces the 1. Exercise protocol 


^ à 2. Quality control 


Augmented ere [Kolelo] ko] o] p 4. Precision hear rate meter 
5, Automated calibration tests 
6. Instant, automatic lead switching 


Ask us for a demonstration. Call or write us an 
we'll bring in our newest model — the MAC-1. 


Marquette Electronics, Inc 
8200 W. Tower Avenue 
Milwaukee, Wisconsin 53223 
414/355-5000 


marquette 
electronics inc. 


See the MAC-1 at the A.C.C. Show 
in Miami Beach, Florida, March 142-15. 
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COUMADIN 





CRYSTALLINE 
SODIUM WARFARIN USP 


FOR ORAL ANTICOAGULATION 


Prophylactic Use 


A number of cardiac syndromes can predis- 
pose patients to thromboembolic episodes. 
The greatest threat of thromboembolism, 
however, exists in patients with a history of 
obesity, excessive cigarette smoking or pre- 
vious episodes of venous thrombosis or 
pulmonary embolism. Postoperative patients 
requiring extended immobilization and the 
elderly are at high thromboembolic risk as are 
the severely injured—particularly those over 
40 years with fractures of the hip, pelvis or 
lower extremities—and patients undergoing 
elective cup arthroplasty or pelvic surgery. 


Emphasis should be placed on prophylaxis 
for those patients predisposed to thromboem- 
bolism. The oral anticoagulant of choice is 
COUMADIN® (crystalline sodium warfarin 
USP.) 


The oralanticoagulant 


Therapeutic Use 


For established thromboembolism, adminis- 
tration of LV. heparin followed by oral anti- 
coagulant therapy is a cornerstone of treat- 
ment. COUMADIN® a chemically pure oral 
anticoagulant with high predictability of re- 
sponse, is a mainstay of effective therapy. 


Dosage and Administration 


In patients receiving COUMADIN® prothrom- 
bin time should be maintained at 1.5 to 2.5 
times the control until results stabilize. Dosage 
and administration should be individualized 
according to prothrombin time results and 
reevaluated periodically throughout therapy. 


Patients should be well informed about their 
condition and medication, since factors such 
as dietary change, travel, other medication, 
change in physical condition and abrupt 
environmental change may influence pro- 
thrombin time and, therefore, response to 
COUMADIN® 


~~ COUMADIN 


(CRYSTALLINE SODIUM WARFARIN USP) 


Before prescribing, please see prescribing 
information on following page. 

COUMADIN® is an Endo registered U.S. trademark; 
U.S. Pat. No. 3,077,481 (Reissue No. 25,866) 


Endo Laboratories, Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (Inc.) 
Garden City, N. Y. 11530 
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(CRYSTALLINE SODIUM WARFARIN’) 


DESCRIPTION COUMADIN® (crystalline sodium warfarin), a prothrombinopenic anticoagulant, is 

chemically crystalline sodium warfarin isopropanol clathrate. The crystallization of sodium warfarin vir- 
ey eliminates trace impurities present in amorphous sodium warfarin, thus achieving a crystalline 

product of the highest purity. Warfarin” is the coined generic name for 3-(a-Acetonylbenzyl)-4-hydrox- 
ycoumarin. On a dose-for-dose basis, COUMADIN® (crystalline sodium warfarin) is therapeutically 

equivalent to amorphous sodium warfarin. 


ACTIONS COUMADIN® and other coumarin anticoagulants act by depressing synthesis in the liver of 
Several factors which are known to be active in the coagulation mechanisms in a variety of diseases 
characterized Lia ld da phenomena. The resultant in vivo effect is a sequential depression of 
Factors VII, IX, X and Il. The degree of depression is dependent upon the dosage administered. 


.. Anticoagulants have no direct effect on an established thrombus, nor do they reverse ischemic tissue 


damage. However, once a thrombosis has occurred, anticoagulant treatment aims to prevent further 
extension of the formed clot and prevents secondary thromboembolic complications which may result 
in serious and possible fatal sequelae. 

After oral administration, absorption is essentially complete, and maximal plasma concentrations are 
reached in 1 to 9 hours. Approximately 97% is bound to albumin within the plasma. COUMADIN® 
usually induces hypoprothrombinemia in 36 to 72 hours, and its duration of action may persist for 4 to 
5 days, thus producing a smooth, long lasting response curve. Little is known of the metabolic 
pathways involved in the biotransformation of oral anticoagulants in man. However, their metabolites 
appear to be eliminated principally in the urine. 


INDICATIONS Based on a review of this drug by the National Academy of Sciences- National 
Research Council and/or other information, FDA has classified the indications as follows: 


Effective: COUMADIN® is indicated for the prophylaxis and treatment of venous thrombosis 
and its extension, the treatment of atrial fibrillation with embolization, the prophylaxis and 
treatment of pulmonary embolism, and as an adjunct in the treatment of coronary occlusion. 


"Possibly'' effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
Final classification of the less-than-effective indication requires further investigation. 










CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical condition 
or personal circumstance in which the hazard of hemorrhage might be greater than its potential clinical 


. benefits, such as: 


Pregnancy — COUMADIN® (crystalline sodium warfarin) is contraindicated in pregnancy because the 
drug passes through the placental barrier and may cause fatal hemorrhage to the fetus in utero. Fur- 


_ thermore, there have been reports of birth malformations in children born to mothers who have been 
treated with warfarin duri 


i regnancy. Women of childbearing potential who are candidates for 
anticoagulant therapy should be carefully evaluated and the indications critically reviewed with the 
patient. If the patient becomes pregnant while taking this drug, she should be apprised of the potential 
m to oe fetus, and the possibility of termination of the pregnancy should be discussed in light of 
se risks. 
Hemorrhagic tendencies or blood dyscrasias. Recent or contemplated surgery of: (1) central nervous 
leeding tendencies asso- 
active ulceration or overt bleeding of: (1) gastrointestinal, genitourinary or respiratory 
tracts; (2) cerebrovascular hemorrhage; (3) aneurysms-cerebral, dissecting aorta; (4) pericarditis and 
pericardial effusions; (5) subacute bacterial endocarditis. Threatened abortion, eclampsia and pree- 
clampsia. Inadequate laboratory facilities or unsupervised senility, alcoholism, psychosis; or lack of 
patient cooperation. Spinal puncture and other diagnostic or therapeutic procedures with potential for 
uncontroliable bleeding. Miscellaneous: polyarthritis, vitamin C deficiency, major regional, lumbar 
block anesthesia and malignant hypertension. 


WARNINGS Sodium warfarin is a potent drug with a half-life of 2% days; therefore its effects may 

become more pronounced as daily maintenance doses overlap. It cannot be emphasized too strongly 

that treatment of cA Far aes is a highly individualized matter. Dosage should be controlled by periodic 

othrombin time or other suitable coagulation tests. Determinations of whole blood 

clotting and bleeding times are not effective measures for control of therapy. Heparin prolongs the one- 
stage prothrombin time. Therefore, to obtain a valid prothrombin time when heparin and COUMADIN* 

jeriod of 4 to 5 hours should elapse after the last intravenous dose and 12 to 24 

hours after the last subcutaneous dose of heparin, before blood is drawn. 


Caution should be observed when sodium warfarin is administered in any situation or physical condi- 


. . tion where added risk of hemorrhage is present. 


Administration of anticoagulants in the following conditions will be based upon clinical judgment in 
which the risks of anticoagulant therapy are weighed against the risk of thrombosis or embolization in 


= untreated cases. The following may be associated with these increased risks: 


m 
E {f | 


Lactation — coumarins n pass into the milk of mothers and cause a prothrombinopenic state in the 
nursing infant. Prolonged dietary deficiency (cachexia, vitamin K). Severe to moderate hepatic or 
renal insufficiency. Infectious diseases or disturbances of intestinal flora-sprue, antibiotic therapy. 
Trauma which may result in internal pones Surgery or trauma resulting in large exposed raw sur- 
faces. Indwelling catheters. Severe to mo ir lppestonaion. Miscellaneous: polycythemia vera, 
vasculitis, severe diabetes, menometrorrhagia. allergic and anaphylactic disorders. 


Patients with congestive heart failure may become more sensitive to COUMADIN®, thereby requiring 
more frequen: laboratory monitoring, and reduced doses of COUMADIN * 


Abrupt cessation of anticoagulant therapy is not generally recommended; taper dose gradually over 
three to four weeks. 


ee Cig Periodic determination of prothrombin time or other suitable coagulation test is 
ess : 
Numerous factors, alone or in combination, including travel, changes in diet, environment, physical 
state and medication may influence response of the patient to anticoagulants. It is generally good 
practice to monitor the patient's ct et with additional prothrombin time determinations in the 
Eme immediately after discharge from the hospital, and whenever other medications are initia- 
, discontinued or taken zardly. The following factors are listed for your reference; however, 
other factors may also affect the prothrombin response. 


... The following factors, alone or in combination, may be responsible for increased prothrombin time 


response: 
ENDOGENOUS FACTORS: Carcinoma; collagen disease; congestive heart failure; diarrhea; elevated 
temperature; hepatic disorders-infectious hepatitis, jaundice; poor nutritional state; vitamin K defi- 
ciency- steatorrhea. 


EXOGENOUS FACTORS: Alcoholt; allopurinol; aminosalicylic acid; anabolic steroids; antibiotics; bro- 
melains; chloral hydratet; chlorpropamide; Ha ce cinchophen; clofibrate; COUMADIN® over- 
dosage; dextran; dextrothyroxine; diazoxide; dietary deficiencies; diureticst; disulfiram; drugs affecting 
blood elements; Selene ial acid; glucagon; hepatotoxic drugs; indomethacin; inhalation anesthetics; 
mefenamic acid; methyldopa; methylphenidate; metronidazole; monoamine oxidase inhibitors; nalidixic 
acid; oxolinic acid; oxyphenbutazone; phenylbutazone; phenyramidol; prolonged hot weather; pro- 
longed narcotics; quinidine; quinine; salicylates; sulfinpyrazone; sulfonamides, long acting; thyroid 
pugs: a apg triclofos sodium; trimethoprim/sulfamethoxazole; unreliable prothrombin time 
eterminations. 


tincreased and decreased prothrombin time responses have been reported. 
The following factors, alone or in combination, may be responsible for decreased prothrombin time 
response: 
ENDOGENOUS FACTORS: Diabetes mellitus; edema. hereditary resistance to coumarin therapy; hyperli- 
pemia; hypothyroicism. 
"Present as crystalline sodium warfarin isopropanol clathrate. 
Licensed by Wisconsin Alumni Research Foundation. 


U.S. Pat. No. 3,077,481 (Reissue No. 25,866) 
COUMADIN® is an Endo Registered U.S. Trademark. 
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azepoxide; c ramine; COUMADIN® underdosage; diet high in vitamin 
(vegetables, fish, fish oil, cnions); diureticst; ethchlorvynol; glutethimide; griseofulvin: haloperidol 
meprobamate; oral contraceptives; paraldehyde; primidone; rifampin; unveliable prothrombin tim 
determinations; vitamin C. 


tIncreased and decreased prothrombin time responses have been reported. 


A patient may be exposed to a combination of the above factors, some of which may increase and som 

decrease his sensitivity to COUMADIN®. Because the net effect on his prothrombin time response ma 

be unpredictable under these circumstances, more frequent laboratory monitoring is advisable. . 

Drugs not yet shown to interact or not to interact with coumarins are best bel a with suspicion, anc 

vt ma administration is started or stopped, the prothrombin time should be determined more ofter 
an usual. 


Coumarins also affect the action of other drugs. Hypoglycemic agents (chiorpropamide and tolbu 
tamide) and anticonvulsants (diphenylhydantoin and phenobarbital) may accumulate in the body as & 
result of interference with either their metabolism or excretion. 


ADVERSE REACTIONS Potential side effects of COUMADIN® (crystalline sodium warfarin) include: 


1. Minor or major hemorrhage from any tissue or organ-which is an extension of the physielogic activ 
ity of prothrombinopenia The signs and symptoms will vary according to the location and degree or 
extent of the bleeding. Therefore the possibility of hemorrhage should be considered in evaluating the 
condition of any anticoagulated patient with complaints which do not indicate an obvious diagnosis 
Bleeding during anticoagulant therapy does not always correlate with prothrombin activity. (See TREAT 
MENT FOR OVERDOSAGE ) 


Bleeding which occurs when the prothrombin time is within the therapeutic range warrants diagnostic 
investigation since it may unmas« a previously unsuspected lesion, e.g. tumor, uicer etc. 


2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatitis 
fever, nausea, diarrhea, abdominal cramping, a syndrome called ‘purple toes, hypersensitivity reac 
tions and an extremely rare reaction consisting of hemorrhagic infarction and necrosis of the skin. 


DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the coagulation 
or clotting mechanism to such ar extent that thrombosis will not occur, but at the same time avoiding 
such extensive impairment as might produce spontaneous bleeding. Effective therapeutic levels with 
minimal complications can best be achieved in cooperative and well-instructed patients, who keep the 
doctor informed of their status between visits. COUMADIN® patient aids are available to physicians on 
request. 


The administration and dosage of COUMADIN® must be individualized for each patient according to the 
particular patient's sensitivity to the drug as indicated by the prothrombin time. The prothrombin time 
reflects the depression of vitamin K dependent Factors VÍ', X and II. These factors, in addition to Factor 
IX, are affected by coumarin’ anticoagulants. There are several modifications of the Quick one-stage 
tonal at time and-the physician should become familiar with the specific method used in his 
aboratory. 


Administration of COUMADIN® sheuld be gauged according to prothrombin time determinations by a 
Suitable method. The blood prothrembin time should usually be determined daily after the administra- 
tion of the initial dose until prothrombin time results stabilize in the therapeutic range. Intervals 
between subsequent prothrombin time determinations should be based upon the physician's judgment 
of the patient's reliability and response to warfarin in order to maintain the individual within the thera 
peutic range. Acceptable intervals for prothrombin time determinations have usually fallen within the 
range of one to four weeks. Satisfactory levels for maintenance of therapeutic prothrombinopenia are 
1¥2 to 2% times the normal prothrombin time (e.g. 21 to 35 seconds, with a control cf 14 seconds). 


Induction-40 to 60 mg for average adult or 20 to 30 mg for elderly and/or debilitated patients for one 
dose only administered orally, intravenously or intramuscularly. 


Maintenance- Most patients are satisfactorily maintained at a dose of 2 to 10 mg caily. Flexibility of 
dosage is provided by breaking scored tablets in half. The individual dose and interval should be gauged 
by the patient's prothrombin response. 


Duration of therapy- The duration cf therapy in each patient should be individualized. In general, 
anticoagulant therapy should be continued until the danger of thrombosis and embolism has passed. 


Treatment during dentistry and surgery- The management cf patients who undergo t am and surgical 
procedures requires close liaison between attending physiciens, surgeons and dentists. Interruption of 
anticoagulant therapy may precipitate thromboembolism, and conversely, if anticoagulants are main- 
tained at full doses, some patients may hemorrhage excessively. If it is elected to administer anticoagu- 
lants prior to, during, or immediately *ollowing dental or sungical procedüres, it is recommended that 
the dosage of COUMADIN® be adjusted to maintain the prcthrombin time at approximately 1¥% to 2 
times the control level. The operative site should be sufficiently limited to permit the effective use of 
local procedures for hemostasis including absorbable hemostatic agents, sutures, and pressure dress- 
ings if necessary. Under these conditions dental and surgical procedures may be pertormed without 
undue risk of hemorrhage. 


COUMADIN * with Heparin-Since a delay intervenes between the administration of the initial dose and 
the therapeutic prolongation of prothrombin time, it may be advisable in situations of great emergency 
to administer sodium heparin initially along with COUMADIN *. The initial dose of heparin and injectable 
COUMADIN" may be administered together in the same syringe.’ It should be noted that heparin m 
affect the prothrombin time, and therefore, when patients are receiving both heparin and'COUMADIN " 
the blood sample for prothrombin time determination should be drawn just prior to the next heparin 
dosage, and preferably 4 to 5 hours after the last intravenous injection or 12 to 24 hours after the last 
subcutaneous injection. 
TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is readily 
controlled by discontinuing COUMADIN® (crystalline sodium warfarin), and if necessary, the oral or 
‘ray administration of vitamin K:. The appearance of microscopic hematuria, excessive menstrual 
leeding, melena, petechiae or oozing irom nicks made while shaving are early manifestations of 
hypoprothrombinemia beyond a safe and satisfactory level. 
In excessive prothrombinopenia with mild or no bleeding, omission of one or more doses of 
COUMADIN * may suffice; and if necessary, small doses of vitamin K, orally, 2.5 to 10 mg, will usually 
correct the problem. 
If minor bleeding persists, or progresses to frank bleeding, vitamin K, in doses of 5 to 25 mg may be 
given parenterally. (Please note recommendations accompanying vitamin K preparations prior to use.) 
Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrombinopenic 
states unresponsive to vitamin K;. 
Resumption of COUMADIN® administration reverses the effect of vitamin Ks, and a therapeutic 
hypoprothrombinemia level can be obtained. 
SUPPLIED Tablets: COUMADIN® (crystalline sodium warfarin). For oral use, single scored, imprinted 
numerically with potency as follows: 2 mg lavender, 2% mg ay 5 me peach, 7% mg yellow, 10 
d we. 25 mg red. In bottles of 100 and 1000. Also available in Hospital Unit-Dose blister package of 
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Injection: Available as single injection units of amorphous sodium warfarin lyophilized for intravenous 
or intramuscular use in a box of 6 units for use immediately after reconstitution. 50 mg: Unit consists 
of 1 vial, 50 mg; sodium chloride, 10 mg; thimerosal, 0.2 mg. pH is adjusted with sodium hydroxide; 
accompanied by a 2 ml ampul Sterile Water fer Injection. 


Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitable for 
intravascular injection without first having been made approximately isotonic by the addition of a suit- 
able solute. Use only for reconstitution of the yophilized product. 


Endo Laboratories, Inc. 


Subsidiary of E.!. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 
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The differential accumulation of radiographic contrast materials in — 
ischemically damaged and normal myocardium was assessed with direct 
measurement (fluorescent excitation analysis) of the iodine content of | D. 
tissue samples from dogs with 48 hour old myocardial infarctions. Tissue E 
samples were obtained 10, 30, 60 and 180 minutes after the intravenous 
administration of 2 ml/kg body weight of diatrizoate meglumine and so- 
dium (Renografin-76). At all time intervals, the iodine concentration of. » 
infarcted tissue was at least threefold greater than that of normal myo- 

cardium. At 180 minutes the ratio between iodine concentration in in- — 
farcted myocardium and that in normal myocardium was 8.5 and between — 
that in infarcted myocardium and that in blood was 2.6. The iodine con- E 
centration in the liver was similar to or greater than that in the infarcted 3 
area at time intervals after 10 minutes. These results suggest that the — - 
intravenous administration of contrast material may facilitate the identi- 

fication of acutely infarcted myocardium with computerized X-ray — 
transmission tomography. E 


The new radiographic technique, computerized transmission tomogra- — | 
phy, has demonstrated areas of myocardial infarction in experimental © a 
animals!-4 and in man.? A recent study from our laboratory* using ` 
computerized transmission tomography to detect myocardial infarction ` 
suggested that intravenously administered contrast material accumu- 
lates differentially in areas of ischemic damage. After the intravenous 
administration of diatrizoate meglumine and sodium (Renografin$-76), 
the increase in radiographic density in infarcted tissue was greater than 
that in normal myocardium. E 
In this study, we confirmed this differential accumulation of contrast 
material in ischemically damaged myocardium by directly measuring x | 
the iodine content of normal and infarcted myocardium. The measure- 
ments were conducted at various time intervals after administration of — 
contrast material to assess when this differential accumulation occurs |. 
and its degree in relation to time after administration of contrast . 


agent. E 
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y 
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Methods 


Experimental procedure: Twenty adult mongrel dogs anesthetized with 
sodium pentobarbital, 25 mg/kg, underwent operative ligation of the obtuse 
marginal branch of the circumflex coronary artery. Ligation of this vesselatits 
origin produced an infarct located between the papillary muscles in all dogs;in |. 
most instances the infarct extended into the posterior papillary muscle to a 
varying extent. The pale infarcted tissue was evident on gross inspection at 48 
hours. The presence of infarction was confirmed by microscopic examination 
of histologically prepared sections of the grossly infarcted tissue.® 

Contrast administration and tissue sampling: The animals were anes- 
thetized again 48 hours after coronary arterial ligation, and cardiectomy was 
performed. At various time intervals before the dogs were killed, diatrizoate 
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sodium and meglumine, 2 ml/kg, was administered intrave- 
poea: in a bolus dose. The dogs were killed at one of four time 
intervals after administration of the contrast material: 10 
. minutes (6 dogs), 30 minutes (5 dogs), 60 minutes (4 dogs) and 
.. 180 minutes (5 dogs). Immediately after cardiectomy, tissue 
samples were obtained from four to six sites within the myo- 
E - cardial infarct and from two sites each within normal myo- 
- cardium, skeletal muscle, liver and lungs. Just before the dogs 
. were killed, a heparinized sample of blood was withdrawn. In 
- three dogs blood samples were also drawn 1, 5, 15, 30, 45, 60, 
9 0, 120, 150 and 180 minutes after administration of contrast 
^ material. Each tissue sample was placed in a 1.5 ml vial, and 
E F the remaining volume of the vial was filled with a 10 percent 
E. formalin solution. The tissue samples from infarcted myo- 
~ cardium ranged from 0.55 to 1.13 cc and those from normal 
sine te from 0.68 to 1.10 cc. All samples from normal and 
-infarcted myocardium were obtained from either the suben- 
—. docardium or the center of the left ventricular wall. None were 
pe from the subepicardial layer. The presence of infarcted or 
ormal myocardium was documented by examination of 
k istologic sections from the samples. 

_ Iodine content of all tissue and blood samples was deter- 
; mined with fluorescent excitation analysis. 7 The quotient of 
— this value and the volume of the sample in the vial provided 
a E he iodine concentration (mg iodine/ml tissue). The value for 
5 — iodine concentration of each tissue from each dog was the 
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_ FIGURE 1. Mean values and standard error of the mean for the iodine 
.. concentration in various tissues and blood in animals killed at the various 
pee intervals after the intravenous administration of contrast material. 
At each time interval the concentration of iodine is considerably greater 
in infarcted than in normal myocardium. At 30 minutes and later the 
concentration in the liver aaae cn or is greater than that in the 
infarct. 
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average of the concentration from four to six sampled sites for 
infarcted myocardium and from two sample sites each for 
normal myocardium, other tissues and blood. The difference 
in iodine concentration of normal and infarcted rayocardium 
at the various time intervals was tested for statistical signifi- 
cance with the paired t test. 


Results 


Iodine content of infarcted versus normal myo- 
cardium: The iodine concentration in infareted myo- 
cardium was significantly greater than that in normal 
myocardium at all time intervals studied (P «0.01) (Fig. 
1). The highest iodine concentration in infareted myo- 
cardium (1.10 mg/ml) was observed 10 minutes after 
contrast injection. At 10 minutes the ratio between io- 
dine in infarcted myocardium and that in normal 
myocardium was 3.14 and the ratio between iodine in 
infarcted myocardium and that in blood was 1.25 (Fig. 
2). 

The greatest differential in iodine concentration 
(ratio = 8.5) occurred 180 minutes after contrast ad- 
ministration (Fig. 2): however, the iodine concentration 
of the infarcted myocardium (0.34 mg/ml) was lower 
than at preceding time intervals. At all time intervals 
from 10 minutes to 3 hours the iodine concentration in 
infarcted tissue was at least threefold greater than the 
iodine concentration in normal myocardium. 

Variability of iodine distribution within the in- 
farct: The iodine concentration was heterogeneous 
throughout the infarct. Although the iodine concen- 
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FIGURE 2. Ratio between iodine concentration in infarcted myocardium 
and in normal myocardium (above) and between concentration in the 
infarct and in blood (below). 
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tration in samples obtained from four different sites 
within the normal myocardium varied by less than 6 
percent, there was wide variability in the iodine con- 
centration in samples from different sites within the 
grossly delineated infarct. Table I shows this variability 
of iodine concentration throughout the infarcts in hearts 
excised 60 minutes after the administration of contrast 
material. The difference between the lowest and highest 
iodine concentration in multiple samples obtained from 
the same infarct ranged from 98.4 to 160.0 percent in 
four dogs (Table I). — 

Other tissues: The iodine concentration in skeletal 
muscle was similar to that in normal myocardium but 
considerably less than that in infarcted myocardial 
tissue. In contrast, the iodine concentration in an organ 
adjacent to the heart, the liver, was similar to or greater 
than the concentration in the infarcted area at time 
intervals after 10 minutes (Fig. 1). 

Iodine blood levels: The iodine concentration in 
blood was less than that in the infarcted tissue for most 
dogs at the various time intervals (Fig. 3) after 10 min- 
utes. The blood level of iodine declined rapidly within 
10 minutes after intravenous administration of 2 ml/kg 
of the contrast material. However, 15 minutes after the 
2 ml/kg dose, the blood level of iodine had not decreased 
appreciably below the level of iodine in infarcted myo- 
cardium. The iodine concentration in infarcted myo- 
cardium was greater than that in blood in three of six 
dogs at the 10 minute interval, but the ratio of iodine 
concentration in infarcted tissue to that in blood was 
only 1.25 at this time (Fig. 2). On the other hand, the 
iodine concentration in infarcted tissue was greater than 
that in blood in four of five dogs at the 180 minute in- 
terval and the ratio of the two was 2.60. 


Discussion 


Differential accumulation of contrast material 
in infarcted myocardium: This study shows that the 
iodine-containing moiety of contrast material accu- 
mulates to a greater extent in ischemically damaged 
myocardium than in normal myocardium. This differ- 
ential accumulation was evident between 10 and 180 
minutes after intravenous administration of contrast 
material and was maximal at 180 minutes. It is possible 
that this differential accumulation starts earlier than 
10 minutes after contrast injection and increases after 


TABLE I 


lodine Content (mg/ml) of Various Sites in Normal and Infarcted Myocardium 60 Minutes After Adminstration of 


Contrast Material 
Normal Myocardium 


% 


Dog Differ- 

no. 1 2 ence* 1 2 
1 0.084 0.086 2.3 0.245 0.288 
2 0.067 0.064 4.7 0.257 0.245 
3 0.053 0.056 5.7 0.465 0.341 
4 0.055 0.054 1.9 0.158 0.352 


* Percent difference between lowest and highest iodine concentration. 
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180 minutes, but our study was limited to this time pe- 3 
riod. | 4 
This differential accumulation of contrast material : 
is sufficient to raise the X-ray attenuation value of the 3 
infarct by 10 units above that of the normal myocar- - 
dium.4 Consequently, the infarct can be imaged inthe 
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FIGURE 3. Concentration of iodine in the blood in three dogs killed 180 

minutes after the intravenous administration of diatrizoate meglumine — 
and sodium, 2 ml/kg. The iodine concentration in blood declined pre-  - 
cipitously during the first 15 minutes. This suggests that during the first i. / 
15 minutes after administration of contrast material, visualization of  ' 
contrast enhancement of the infarct may be obscured by the high in- 

tracavitary blood levels of the contrast material. e 


Infarcted Myocardium 


Differ- 

3 4 5 6 ence* 
0.486 0.272 0.333 0.337 98.4 
0.637 0.402 — — 160.0 
0.310 0.370 0.223 0.245 108.5 
0.164 0.236 — — 122.8 
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~ computerized tomographic scan as an area of increased 
i attenuation by comparison with attenuation in the 
. normal myocardium in the nonbeating ex situ heart or 
. the beating in situ heart.^ 
1 Role of blood and liver iodine concentration: Our 
. study indicates that precise delineation of the infarct 
" may be limited to some extent by the concentration of 
iodine in blood and in the liver. In most dogs iodine 
. content was higher in at least some areas in the infarct 
- than in blood. This difference was greatest at the latest 
| à observation period. On the other hand, the iodine con- 
centration in the liver was greater than that in the in- 
E farct after 30 minutes. The liver has a role secondary to 
_ the kidneys in the excretion of contrast material. The 
E . relatively high content of contrast material in the liver 
. may limit the detection of diaphragmatic infarcts with 
. computerized transmission tomography. 
_ Mechanism of contrast material accumulation 
. in infarcted myocardium: The mechanism by which 
— contrast material concentrates to a greater extent in 
- jschemically damaged myocardium than in normal 
f myocardium is unclear. Moreover, it is not known 
E hether the contrast material accumulates in the in- 
. terstitium or in myocardial cells. Apparently under 
pm circumstances contrast materials remain es- 
esie within the extracell space.8-!° However, the 
i integrity of the cell membrane of ischemically injured 
- or necrotic myocardial cells is lost and cell edema 
. ensues.!..!? [n addition, a variety of substances including 
. extracell electrolytes!! such as sodium!! and calcium,'? 
. as well as pyrophosphate," tetracyclines!* and gluco- 
— heptonate!4 accumulate within the cells of ischemically 
- damaged tissues. 
— Another pathogenetic mechanism promoting accu- 
4 mulation of contrast material in infarcts is microvas- 
— cular damage,!4:!6 which may cause increased leakage 
_ of blood constituents including contrast material into 
| the interstitium. Removal of contrast material from the 
interstitium may be regarded as a consequence of the 
| poor perfusion of the myocardium beyond the coronary 
- arterial occlusion. Finally it must be considered that 
— contrast material that diffuses into the infarct is more 
— slowly removed from this tissue than from normal 
- myocardium. Delivery of contrast material to the in- 
_ farcted tissue is dependent on the presence of some 
3 _ residual perfusion of the area that must be provided by 
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the development of collateral circulation in the 48 hour 
old myocardial infarct. 

Application to imaging by computerized trans; 
mission tomography: An important consideration is 
whether the iodine content in the myocardium is suf- 
ficient for imaging with computerized transmission 
tomography. This technique is capable of resolving 
structures with a difference in X-ray attenuation values 
of 2.5 EMI units (0.5 percent difference in attenuation 
coefficient).!? The concentration of iodine within the 
infarct ranged from 1.10 + 0.10 mg/ml 10 minutes after 
administration of contrast material to 0.34 + 0.05 mg/ml 
at 3 hours. Both of these concentrations of iodine elevate 
the radiographic density of water by more than 5 EMI 
units. 18.19 

Great variability of the iodine concentration 
throughout the area of infarcted tissue was found in 
most of the animals. This observation is consonant with 
the nonhomogeneous increment in attenuation coeffi- 
cient of various portions of the infarct demonstrated in 
the computerized transmission tomographic scans ob- 
tained after injection of contrast material.*° The reason 
for this nonhomogeneous uptake is unknown. It, like the 
uptake of technetium-99m pyrophosphate may relate 
to a critical level of residual perfusion of portions of the 
infarct so that uptake is greatest in the periphery of the 
infarct.2° However, the area of greatest accumulation 
of iodine (contrast material) was not clearly confined 
to the periphery of the infarct. Contrast accumulation 
within portions of the infarct may conceivably raise the 
attenuation value of infarcted myocardium to a level 
approximating that of normal myocardium. Thus, this 
phenomenon may cause the image of the infarct in the 
computerized tomographic scan to be smaller than the 
actual size of the infarct. In fact, a recent preliminary 
report?! noted that infarct size was underestimated by 
the volume of myocardial infarctions determined from 
the computerized tomographic scans of a group of ani- 
mals given contrast material before scanning. 

Implications: It is important to determine whether 
accumulation of contrast material is related to the 
presence of irreversible ischemic damage to myocardial 
cells. Current studies are directed toward determining 
the site of accumulation of contrast material in tissue 
and the relation of differential contrast accumulation 
to irreversible myocardial damage. 
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During ischemia, myocardial adenosine triphosphate is degraded | 
adenosine, inosine and hypoxanthine. These nucleosides are release 
into coronary venous blood and may provide an index of ischemi 
adenosine may also participate in the autoregulation of coronary flo 
In dogs, the temporal relations between reactive hyperemic flow ar 
nucleoside concentrations in regional venous blood were correlated aft 
brief occlusions of a segmental coronary artery. Reactive hyperemia ar 
adenosine release peaked together in 10 seconds, persisted for 10 to 3 
seconds and then decreased in a pattern consistent with the hypothes 
that they are related. During initial reflow after 45 seconds of ischemi 
mean concentrations of adenosine, inosine and hypoxanthine increase 
respectively, to 52, 67 and 114 nmol/100 ml plasma; after 5 minutes : 
ischemia, the respective levels increased to 58, 1,570 and 1,134 nm 
and fell quickly. 

In nine patients there was a similar release of nucleosides into coronal 
sinus blood during reperfusion after 59 to 80 minutes of ischemic arre 
during cardiac surgery. With initial reflow, adenosine, inosine and hypt 
xanthine levels reached 65, 655 and 917 nmol/100 ml of blood, respec 
tively. Inosine and hypoxanthine concentrations remained high for 5 1 
10 minutes after cardiac beating resumed, often when production | 
lactate had decreased. 

The results indicate that postischemic release of nucleosides reache 
significant levels in man as well as animals, is parallel with the duratic 
of ischemia, is temporary and may be a useful supplement to measurt 
ment of lactate as an index of prior myocardial ischemia. 


The large stores of adenosine triphosphate in the myocardium are co! 
stantly depleted during contraction and replenished by oxidatiy 
phosphorylation. With ischemia, resynthesis of adenosine triphospha 
decreases and its nucleoside precursors accumulate. In animal heart 
adenosine, inosine and hypoxanthine increase during ischemia, diffu 
freely and appear in coronary sinus blood during ischemia and durit 
reactive hyperemia.!-? The release of these nucleosides may therefoi 
provide an additional biochemical index of current or prior ischemia 
The release of adenosine is of particular interest because this agent 
a potent dilator of coronary arteries and is quickly degraded; it h: 
therefore been proposed by Berne and co-workers!’ as a metabolical 
linked autoregulator of coronary blood flow. © | | 

In animals, it has been shown that brief periods of ischemia sufficiei 
to induce reactive hyperemia cause significant increases in myocardi 
levels of adenosine.? In the studies we report here more detailed ten 
poral correlations were made between changes in coronary venous flo 
and levels of adenosine in regional venous blood during reactive hype 
emia; the results are consistent with the adenosine hypothesis. In a« 
dition, we show that the release of nucleosides during reactive hyperem 





varies directly with the duration of the preceding isch- 
emia and is temporary. : 

. In man, we have previously shown that small amounts 
of adenosine appear in coronary sinus blood during 
angina’; others?? have shown that levels of hypoxan- 
thine increase. We now show that large amounts of all 
-. three nucleosides are released into coronary sinus blood 
during the reperfusion period after potassium-induced 
ischemic arrest during cardiac surgery. 


Method 
Studies in Dogs 


Seventeen male dogs of various breeds (20 to 40 kg) were 
anesthetized with pentathol, intubated and then ventilated 
with a Harvard respirator pump. The left side of the chest and 
the pericardium were opened and the heart was suspended in 
a pericardial cradle. Heparin (3 mg/kg body weight) was given 
by vein after thoracotomy. The electrocardiogram and the 
femoral arterial pressure were constantly monitored. The dogs 
were kept warm and all blood volume losses were replaced. 
The proximal left anterior descending coronary artery was 
freed sufficiently to allow placement of a reversible ligature 
and, in some animals, a nonconstricting electromagnetic flow 
probe (Gould Statham Instrument Division, Oxnard, Cali- 
fornia). The largest of the venae comitantes of the left anterior 
descending artery was cannulated with a polyethylene tube, 
through which blood was shunted to the left atrium between 
collection periods. Other large venae comitantes were ligated. 
Regional blood flow was estimated from blood samples col- 
lected directly from the regional coronary vein over fixed time 
intervals into calibrated tubes containing measured amounts 
of iced saline solution. These estimates were correlated by 
means of the flow probes with direct timing of the peak and 
duration of regional coronary arterial reactive hyperemic 
flow. 

During control periods, 10 ml of blood was sampled from 

the femoral artery, and total flow from the segmental vein was 
. collected for 1 minute. 

Reactive hyperemia is a convenient model for studying the 
relation between metabolic changes during ischemia and 
coronary autoregulation.!? It was induced by complete oc- 
clusion of the proximal left anterior descending coronary ar- 
tery for periods of 15, 30 or 45 seconds. After release of the 
occlusion, total segmental venous drainage was collected in 
separate samplings between 0 and 10 seconds, when hyper- 
emic flow peaked; between 10 and 30 seconds, as peak flow 
continued; and between 30 and 90 seconds, as reactive flow 
subsided. Aliquots for lactate measurement were collected 
separately from the femoral artery and the regional coronary 
vein into iced 6 percent perchloric acid. 

Prolonged ischemia was produced 30 minutes later by oc- 
cluding the coronary artery for 5 minutes. Venous samples 
were collected for 1 minute immediately after release of the 
occlusions and again after 10 minutes of recovery. 

Arterial pressure and heart rate were stable during all 
periods of ischemia studied. If tachycardia or more than 
minimal changes in blood pressure occurred, the experiments 
were discarded. 


Studies in Man 


These studies were begun after animal experiments had 
shown that the postischemic release of nucleosides ended after 
recovery. [n nine patients undergoing cardiac surgery for 
coronary bypass or aortic valve replacement, the surgeon 
placed a short polyethylene catheter in the coronary sinus. 
Twelve ml samples of coronary venous and systemic arterial 
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. period was indicated by a marked increase in the rate of flow 


January 1979 The American Journal of CARDIOLOGY Volume 43 53 __ 





eee he TT x 
MEG T AA - p ten AS FNA oe 
Maglie S — d ed E ^ à Ve heRaRac Cm. m »" 

D) AND PRIOR ISCHEMIA—FOX ET AL. 


OF AL! | à - A | 
i Y " 
T 






















































blood were collected simultaneously, quickly mixed with equal - 3 
volumes of cold 6 percent perchloric acid and kept at 4? C until — 
processed. Separate aliquots were collected for measurement - 
of creatine kinase. E- 
Systemic arterial and venous blood was sampled before — 
thoracotomy. Paired samples of arterial and coronary sinus | 
blood were collected both before and after the start of car- a 
diopulmonary bypass and systemic cooling to 25° C by means 
of the extracorporeal pump. The hearts were arrested by in- 
jection into the cross-clamped aortic root of a balanced elec- — 
trolyte solution buffered to pH 7.4 and containing 30 mEq of D. 
potassium chloride, 58 g of glucose and 500 mg of phospho- E 
rous-buffered methyl prednisolone sodium succinate/liter. — 
Ischemic cardiac arrest was maintained for 12 to 80 min- | 
utes until the cardiac surgery was completed. Paired samples - 
of blood were collected immediately after release of the aortic — 
clamp and the resumption of coronary. perfusion, and then at | 
1, 5 and 10 minutes after the hearts resumed beating, either 
spontaneously or after electrical defibrillation. No attempt — 
was made to measure coronary flow in man, but the presence . 
of reactive hyperemia in the first 5 minutes of the postischemic — 


from the coronary sinus as compared with control and re- - 
covery periods. 
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Analytic Techniques 


Blood samples for measuring nucleosides were prepared 
by two methods: y 

In the dog studies, which were performed first, we used a. 
method of plasma separation designed to minimize loss of _ 
adenosine through adsorption by red cells and the action of | s 
adenosine deaminase.!:? We found initially that use of per- 
chloric acid led to poor recovery of adenosine standards be- 
cause of coprecipitation with red cell proteins and high salt — 
concentrations that interfered with enzyme analyses. Modi- : 
fied techniques of neutralization and washing improved re- . 
covery rates with the perchloric acid method and this method — 
was used in the later human studies. Diluted plasma wasim- _ 
mediately separated in a refrigerated centrifuge at 4° c. 
Plasma proteins were promptly removed by heat coagulation : * 
and ultrafiltration; the filtrate was flash-evaporated to dry- — 
ness. n- 


H 


In the human studies, chilled mixtures of hemolyzed blood 
and 6 percent perchloric acid were centrifuged. The super- | 
natant was ultrafiltered and flash-evaporated to dryness. | 
Treatment with perchloric acid permitted delays in processing — 
without loss of nucleosides by enzyme degradation. In six | 
preliminary studies in man, we used the plasma separation . 
method used in the dog studies. Nucleosides are stable at the — 
temperatures used in both methods. E 

Nucleosides were measured with Olsson's enzyme method.? © 
Hypoxanthine, inosine and adenosine were measured ina . 
single cuvette by sequential addition of xanthine oxidase, - 
nucleoside phosphorylase and adenosine deaminase, using a. 
dual wave length twin-beam UV recording spectrophotometer 
(Aminco DW-2 UV-Vis). This assay reproducibly detected _ 
and measured 0.01 nmol of each nucleoside; blood samples in 
which nucleosides could not be detected were therefore con- — 
sidered to contain concentrations of less than 1.0 nmol/100 
ml of plasma or blood. Duplicate measurements made atall ^ 
detectable concentrations agreed within 5 percent. 

Recovery rates of nucleosides added to eight paired samples 
of fresh human blood treated with the two methods were as 
follows: Plasma separation technique: adenosine 50 percent — 
+ 4 percent; inosine 60 percent + 6 percent; hypoxanthine 108 
percent + 10 percent. Perchloric acid technique: adenosine 
75 percent + 8 percent; inosine 106 percent + 14 percent; . 
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gional coronary venous blood after 
release of 45 second coronary oĉ- 
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T m seconds after release of the coro- 
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4 —  (RH)and the levels of adenosine (A), 
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E. m m peak together. At 10 to 30 seconds, 
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sides remain significantly elevated. 
m By 30 to 90 seconds, as reactive 
flow decreases, nucleoside levels 
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_ hypoxanthine 80 percent + 6 percent. Addition of adenosine 
. monophosphate, diphosphate or triphosphate to whole blood 
. samples did not cause significant changes in nucleoside re- 
covery rates when blood was treated with either method. 
E. Lactate, total creatine kinase, sodium, potassium and 
— inorganic phosphate were measured with standard methods 
_ described earlier.’ In each study, experimental results and 
. control data were compared using the paired t test and a 


. Hewlett-Packard 9815A computer. 
a ae Results 


. Studies in Dogs 
= Reactive hyperemia: Coronary occlusion for 45 
seconds provided the most reproducible increases in 


. regional coronary venous flow and concentrations of 
. nucleosides. Briefer occlusions of 15 or 30 seconds 
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are not significantly elevated in 
comparison with paired control 
values. Lactate levels follow a 
similar pattern. mM = millimolar; n 
= number of dogs; p = probabili- 
ty. 


90 - 150 sec. 








$ p< 0.05 


produced less reactive hyperemia and nucleoside re- 
lease. During the occlusions, small amounts of flow 
continued from the regional vein, reflecting collateral 
blood flow to the ischemic segment. Venous reactive 
hyperemic flow began within 1 to 3 beats after release 
of the ligature. In the six animals studied with flow 
meters, reactive hyperemic flow peaked and subsided 
simultaneously in the regional artery and vein. Venous 
flow was therefore considered to reflect accurately the 
peak and duration of reactive hyperemic tissue perfu- 
sion. 

Figure 1 compares control values for regional venous 
flow and concentrations of nucleosides and lactate with 
postischemic reactive hyperemic venous flow and con- 
centrations in 10 dogs measured after release of 45 - 
second occlusions of the left anterior descending artery. 





FIGURE 2. Net rates of release of nucleosides (nmol/10 





ZY fA sec) into regional coronary venous blood after 45 second 

ZEmzU/A coronary arterial occlusions in 10 dogs. Nucleoside levels 

90-150 sec. in coronary venous blood are corrected for changing 

reactive hyperemic flow. During 30 to 90 seconds of 

reflow, net rates of release of all nucleosides remained 

+ p<0.005 . significantly greater than during paired control periods. 
§ p< 0.05 Abbreviations as in Figure 1. 
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FIGURE 3. Mean concentrations of nucleosides and lactate in regional 
coronary venous blood after release of 5 minute coronary arterial oc- 
clusions in 11 dogs. Marked increases of nucleosides and lactate are 
present in the first minute of coronary reflow as compared with values 
in the control periods (Fig. 1). Inosine and hypoxanthine levels are higher 
in relation to adenosine than after 45 second occlusions. After a 10 
- minute recovery period, levels of nucleosides and lactate are no longer 
significantly higher than in paired control periods. R.H. — reactive hy- 
peremia; other abbreviations as in Figure 1. 


In control venous samples from eight animals, adeno- 
sine was either not detectable or was less than 10 
nmol/100 ml. In two control dogs, venous levels of 
adenosine were slightly higher than 10 nmol/100 ml 
plasma, a concentration that probably reflects levels in 
myocardial interstitial fluid sufficient to cause vasodi- 
lation!; in both of these animals, venous adenosine in- 
creased significantly during induced reactive hyper- 
emia. 

At 0 to 10 seconds after the release of the ligatures, 
reactive hyperemic flow peaked in 9 of 10 dogs; adeno- 
sine levels peaked in all 10 dogs at this time. At 10 to 30 
seconds, reactive hyperemic flow continued near peak 
levels and adenosine levels remained significantly ele- 
vated at concentrations above 10 nmol/100 ml plasma 
in all but one dog, although its levels were still twice 
control values. At 30 to 90 seconds, as reactive hyper- 
emia subsided, adenosine levels remained above 10 
nmol/100 ml plasma in 6 of 10 dogs but was no longer 
significantly increased over levels in paired control dogs. 
Release of inosine and hypoxanthine followed similar 
patterns. Venous lactate was significantly elevated 
through 30 seconds; lactate extraction ratios were neg- 
ative in all dogs through 30 seconds and became positive 
at 30 to 90 seconds in 8 of 10 dogs. 

Nucleoside levels did not change significantly in ar- 
terial blood during these experiments and were there- 
fore not compared with each venous sample. There were 
no significant changes in venous or arterial creatine 
kinase, sodium, potassium or inorganic phosphate. 


TABLE | 


Net Release of Nucleosides in First 90 Seconds After 
Release of Brief Coronary Occlusions and in First 60 
Seconds After 5 Minute Occlusions in Canine Hearts 


> 


Duration of | Dogs 


Occlusion (no.) Adenosine Inosine 
15-30 sec 6 4.8 23.8 34.5 
+0.15 + 8.1 + 11.6 
45 sec 10 56.7 96.2 129 
+ 18.7 + 45.6 + 38 
P <0.02* P «0.15* P <0.02* 
5 min 11 456 9,384 4,598 
+ 232 + 3,132 1,539 4 
P «0.05! P «0.005! P «0.005! 





* Probability value for comparisons as groups with values at 15to 
30 seconds. | 

t P for comparisons as groups with values at 45 seconds. x 

Values are expressed as mean + standard error of the mean in 
nanomoles. E 


Figure 2 shows the same values for nucleoside release 
after correction for different rates of flow during each — 
period of reactive hyperemia. Rates of release of aden- E 
osine (nmol/10 sec) remained significantly higher than 
rates in paired control dogs through the 30 to 90 second _ 
period, although absolute concentrations were not sig- 3 
nificantly increased (Fig. 1). n 

Overall release of nucleosides during reactive hy- — 
peremia (Fig. 1 and 2) followed a decremental pattern _ 
consistent with a rapid washout of tissue metabolites 
that had accumulated during the ischemic period. Al- — 
though the close relation between adenosine release and _ 
the peak and duration of reactive hyperemic venous . 
flow may therefore be coincidental, it is also compatible | . 
with the hypothesis that the two processes are causally 
related. l E 


In six additional studies, reactive hyperemia was 
produced by briefer coronary occlusions lasting 15 to 30 BE 
seconds. Nucleoside release was less than after the 45 — 
second occlusions; peak concentrations of adenosine at — y 


0 to 10 seconds after release of the ligatures ranged from — — 
6 to 21 nmol/100 ml plasma, with a mean of 14.6 nmol/ 
100 ml plasma. | 


Prolonged ischemia: This was produced in 11 dogs - if 


by maintaining the coronary arterial occlusion for 5 — 
minutes (Fig. 3). During the 1st minute of reperfusion, - 
concentrations of adenosine, inosine and hypoxanthine — 
in the regional venous blood reached much higher levels 
than those found after 45 second occlusions (Fig. 1). | 
After 10 minutes of recovery (eight dogs), concentra- — 
tions were no longer significantly increased over those - 
in paired control samples. Again, there were no signifi- | 
cant increases in levels of creatine kinase, sodium, po- 
tassium or inorganic phosphate. 

Table I shows that the total release of nucleosides in 
these studies was directly related to the duration of the 
preceding ischemic periods. Net release of nucleosides 
after 45 seconds of ischemia was moderately greater 
than after 15 or 30 seconds of ischemia; after 5 minutes 
of ischemia, net release was markedly greater. After - 





longer periods of ischemia, net release of adenosine 


relative to net release of inosine or hypoxanthine was 
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: less, presumably because of greater breakdown of 
- adenosine in the ischemic muscle. 


| Studies in Man 


_ Figure 4 shows mean values found for nucleosides and 
Éisetate i in blood from nine patients studied immediately 
_ before and after 59 to 80 minutes of potassium-induced 
ischemic arrest. There were no significant differences 
1 before and after the onset of cardiopulmonary by- 
pass. 

— During initial reperfusion, with the hearts still ar- 
J rested, there were peak increases in the release of all 
‘nucleosides and of lactate. The means of increments 
- over control values at this time were as follows: adeno- 
sine X5, inosine X41, hypoxanthine X20 and lactate X4. 
With resumption of beating, the release of adenosine 

was no longer significant, but the release of inosine, 

hypoxanthine and lactate decreased slowly over the 10 
Éibinute period examined. After 5 minutes of beating, 
. the means of increments over controls were as follows: 
inosine X45, hypoxanthine X28 and lactate X4. After 
3 Ej 0 minutes of beating, only inosine and hypoxanthine 
. remained significantly elevated, with increments over 
E . control values persisting at X12 and X10. Lactate cor- 
. onary sinus-arterial differences were no longer elevated 
at 10 minutes, although lactate extraction ratios re- 
 . mained slightly negative in four patients and signifi- 
- cantly negative i in one patient. Creatine kinase increased 
Slightly i in both arterial and coronary sinus blood after 
_ ischemic cardiac arrest but there were no significant 
- increases in coronary sinus-arterial differences. 
3 . Thus, the release of nucleosides during early reper- 
— fusion in the human hearts reached levels similar to 

those found after 5 minutes of regional ischemia in dog 
E hearts (Fig. 2). Briefer periods of ischemia, lasting 12 
F to 25 minutes, were induced in six other patients and 
- caused less nucleoside release during the initial reper- 

. fusion periods. As in the dogs, longer periods of ischemia 
. were followed by greater release of nucleosides during 
. reperfusion. 


| 
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FIGURE 4. Human hearts: Mean 
concentrations of nucleosides and 
lactate (coronary sinus-systemic 
artery) (CS-A) in nine patients be- 
fore and after potassium-induced 
ischemic arrest during cardiac 
surgery. Immediately after reper- 
fusion, concentrations of nucleo- 
sides and lactate are markedly in- 
creased in comparison with values 
in paired control samples from the 
same patients on bypass. At 1 and 
5 minutes of beating, concentra- 
tions of inosine, hypoxenthine and 
lactate remain elevated. At 10 
minutes, inosine and hypoxanthine 
remain elevated. W.B. = whole 
blood; other abbreviations as in 
Figure 1. 
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Discussion 


Adenosine as an autoregulator of coronary flow: 
The first part of this study showed that in dogs post- 
ischemic reactive hyperemic flow and release of aden- 
osine were related in temporal patterns consistent with 
previous evidence for the hypothesis that adenosine 
may function physiologically as an autoregulator of 
coronary flow.'^* During ischemia, adenosine is pro- 
duced from accumulated sarcoplasmic adenosine mo- 
nophosphate and perhaps from cyclic adenosine mo- 
nophosphate!! through hydrolysis by 5’-nucleotidase 
at the outer cell membrane.? Exogenous adenosine is a 
potent vasodilator in concentrations at which endoge- 
nous tissue levels have been found during ischemia. 
The venous levels of adenosine we found during reactive 
hyperemia in dogs, when corrected by Berne's calcula- 
tions! for systematic losses and for distribution in the 
extracell space of the 10 to 20 g segments of ischemic 
muscle we studied, reflect tissue levels sufficient to 
cause vasodilatation. Adenosine is quickly degraded to 
inosine and hypoxanthine by adehosine deaminase both - 
in red cells and in the myocardial cells to which much 
of released adenosine returns quickly as a result of fa- 
cilitated diffusion.^!? Accordingly, tissue levels of 
adenosine will be underestimated in extrapolations from 
levels in regional venous blood. 

Inosine and hypoxanthine have not been considered 
to possess coronary vasomotor activity because, unlike 
adenosine, they did not change coronary flow when in- 
fused into coronary arteries in low concentrations.!! 
Recent studies have shown that coronary flow increased 
when inosine was given intravenously in high concen- 
trations (20 to 120 umolar), but this may have been 
secondary to its positive inotropic action rather than 
to a direct effect on coronary resistance.!?-15 

How adenosine relaxes coronary smooth muscle is not 
known. Receptors for adenosine are present on coronary 
myocytes!?; adenosine may act directly by affecting 
purinergic nerve endings!’ or indirectly by inhibiting 





sympathetic neurotransmission.'® During hypoxia, 
adenosine probably acts to relax vascular smooth 
muscle in concert with lowered oxygen tension and a 
variety of metabolites, such as Krebs cycle intermedi- 
ates, lactate, carbon dioxide, hydrogen ions, potassium 
and prostaglandins.!?.? 

The present studies were designed to correlate flow 
with simultaneous estimates of adenosine tissue levels 
based on levels found in the venous effluent. This ap- 
proach provides only an approximation of true tissue 
levels. However, the results support the adenosine hy- 
pothesis by demonstrating in the intact heart a direct 
relation between adenosine release and the peak and 

total duration of regional reactive hyperemic flow. 

Adenosine release did not quickly peak and fall at the 
onset of reactive hyperemia and did not precede or 
follow it in patterns that would be less compatible with 
the adenosine hypothesis. 

Our results are consistent with the recent observation 
of Olsson et al. that the kinetics of the fall in myocardial 
adenosine levels after 5 to 15 seconds of ischemia are 
parallel with the kinetics of reactive hyperemic flow. We 
detected more nucleoside efflux than Olsson et al. re- 
ported because we used longer periods of ischemia and 

‘sampled blood from the regional vein rather than from 
the coronary sinus. 

Release of nucleosides as an index of prior isch- 
emia: Our study also demonstrated that in human as 
well as in canine hearts, the release of nucleosides pro- 
vides a sensitive index of prior ischemia. The release of 
large molecular weight intracell components such as 
creatine kinase is a relatively late phenomenon that 
implies irreversible cell membrane damage?!; it did not 
occur in our study except for slight increases in some of 
the human beats. Earlier evidence of ischemia can be 
provided by leakage of diffusible metabolites that ac- 
cumulate in cells and then enter the extracell spaces. 
Lactate production is the conventional marker of an- 
aerobic glycolysis and, together with changes in elec- 
trical repolarization, is used for the clinical assessment 
of ischemia. Inorganic phosphate and potassium have 
been shown to increase in coronary venous blood in 
proportion to the mass of ischemic muscle and the du- 
ration of ischemia.?22? Because we found no significant 
increases during reactive hyperemia after coronary 
occlusions of 45 seconds or 5 minutes, the accumulation 
of phosphate and potassium during these periods had 
apparently not been as great as that of nucleosides, 
which provided a more sensitive index of the degree of 
prior ischemia. 

Although adenosine monophosphate and diphos- 
phate accumulate early in ischemia” and are potent 
vasodilators,!? these phosphorylated nucleosides do not 
cross intact cell membranes; however, leakage of their 
dephosphorylated nucleoside products can reflect 
ischemia.!-3-5 Such leakage had not previously been 
correlated with the duration of antecedent ischemia or 
been shown to cease quickly after recovery from brief 
ischemia as accumulated nucleosides are washed out. 
However, increased cardiac work loads during ischemia 
have been shown to cause greater subsequent reactive 
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hyperemia, perhaps because of greater release of 
adenosine during the ischemic period.” 


Canine versus human responses to ischemia: The | 
canine and human hearts in this study were subjected 


to different degrees of ischemia. In the dogs, regional 
ischemia was produced while the hearts continued to 
beat. Although contraction in the center of the ischemic 
segment may have stopped quickly, marginally ischemic 
areas continued to beat, with continued breakdown of 
adenosine triphosphate.?9 In the human studies, the 
hearts were globally ischemic, arrested and cooled. It 
was therefore not surprising that concentrations of 


nucleosides released from the dog hearts during reper- - 3 


fusion after only 5 minutes of local ischemia were 


somewhat higher than those released from the human - 


hearts after longer periods of ischemia. 


After 5 minutes of ischemia, the canine hearts re- 4 
leased an average of 14 umol of nucleosides in the first — 
90 seconds of reperfusion (Table I). If it is assumed that 


the segments of ischemic muscle averaged 10 to 20 g, 





with a normal total nucleotide content of 6 wmoles/g,?’ — 3 


the loss after ischemia represents 12 to 23 percent of the 
original level, a significant depletion. Accelerated syn- 


thesis of nucleotides occurs in rat hearts during recovery — 


from ischemia, presumably to regenerate such signifi- 
cant losses.28 The release of nucleosides during reper- 
fusion may therefore be useful to evaluate the relative 
efficacy of methods used to preserve the ischemic 
myocardium during operative cardioplegia.?9:?0 

Similarly, the release of nucleosides into coronary 
venous blood during regional ischemia may provide an 
added index for assessing the effects of hemodynamic 
and chemical interventions designed to protect ischemic 
myocardium after myocardial infarction or during un- 


stable angina pectoris. Reduction of regional flow by 75 — 


percent in pig hearts has been shown to cause moderate 
regional production of inosine and hypoxanthine.??! We 
have observed continued release of nucleosides from dog 
hearts during 30 minutes of ischemia produced by 
similar reductions in coronary flow (unpublished ob- 
servations). In man, we previously showed that adeno- 
sine, measured by a less sensitive analytic technique 
than that used here, appeared in coronary sinus blood 
while lactate production was occurring during induced 
angina.” Although our techniques at that time permit- 
ted only qualitative estimates of inosine and hypoxan- 


thine, other workers?? have since shown that release of — 


hypoxanthine occurs under similar conditions. 
In perfused hearts subjected to prolonged ischemia, 


the production of lactate decreases as accumulated E 


lactate and hydrogen ions inhibit rate-limiting glycolytic 
enzymes that initially had been activated by adenosine 
monophosphate.*2-*4 The large intracell stores of ade- 
nine nucleotides might continue to degrade after lactate 
production decreases, and the consequent diffusion of 
nucleosides could persist. In our human studies, nu- 
cleoside release usually continued late into the period 
of recovery from ischemia and often persisted after 


significant production of lactate had ceased. This may _ 


have reflected differences between the two metabolic 
products in their production during ischemia, in their 
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— diffusion across cell membranes or in their washout 


during reperfusion. It is also possible that production 
of nucleosides continued in some areas of the ischemic 
hearts during recovery from ischemic arrest in a non- 
uniform fashion. 

Implications: We conclude from these studies that 
release of nucleosides may provide an important and 
practical supplement to measurement of lactate as an 





index of prior ischemia in both human and animal 
hearts. As simpler analytic techniques evolve, clinical 
applications may become feasible. 
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The effects of intraaortic counterpulsation on regional myocardial function o 
were studied using ultrasonic dimension gauges in 24 open chest dogs. h 
Pairs of ultrasonic crystals were implanted in the subendocardium of the =~ 
left ventricle in control, marginally ischemic and ischemic segments. After 
coronary arterial occlusion, the end-diastolic length of all three segments  . 
was increased. Segment shortening was rapidly replaced by systolic a 
expansion in the ischemic segment. In the marginal segment, active 
shortening decreased by 53 percent and, in the control segment, short- i” 
ening was augmented by compensatory operation of the Frank-Starling i E 
mechanism. Balloon pumping initiated 10 minutes after coronary occlusion — 
resulted in an increase in mean aortic diastolic pressure from 103 to 115 
mm Hg without any significant change in peak systolic pressure. Inthe  . 
marginal segment, end-diastolic length decreased by 3 percent, and 
previously reduced shortening increased to 82 percent of control value, R 7 
deteriorating again with discontinuation of counterpulsation. Balloon 
pumping produced no change in the dyskinetic motion of the ischemic - dg 
segment but caused compensatory augmentation of shortening of the — : 
control segment. Thus, counterpulsation selectively improved segment 4" 
function of the marginally ischemic segment, presumably as à result of 
a regional increase in myocardial blood flow and in availability of oxygen 
due to augmented perfusion pressure. The systolic unloading effect was — 3 
counterbalanced by improved cardiac performance. 3 ] 


a 4 


Viability of the ischemic myocardium requires that the imbalance be- — | 
tween myocardial oxygen demand and delivery be overcome. Theoret- | 
ically, intraaortic balloon counterpulsation can achieve this aim by in-  - 
creasing diastolic pressure in the aorta, thereby increasing coronary blood 
flow, or by decreasing systolic pressure, thereby reducing myocardial  : 
oxygen demand.'-? In the management of medically refractory myo- — 
cardial ischemia, the hemodynamic effectiveness of intraaortic balloon . 
counterpulsation has been shown in a large number of patients with — 
cardiogenic shock after acute myocardial infarction.*-? However, it is “3 
unlikely that a substantial number of patients will have long-lasting  - 
benefits from this approach with or without emergency surgery.’ 3 
Recently, it has been demonstrated that (1) overall ventricular func- . 
tion after acute coronary occlusion is determined by the integration of -. 
the regional phenomenon of dyskinesia of the ischemic area and com- | 
pensatory hyperkinesia of the remaining normal myocardium, and (2) 
therapeutic intervention in acute myocardial infarction can alter the  ' 
marginally ischemic area bordering the central ischemic region and 
thereby reduce the size of the infarct.5? In this investigation we assessed 
the effect of intraaortic balloon counterpulsation on segment wall motion - 
in acute myocardial ischemia, applying the recently developed ultrasonic — 
dimension gauge, which permits simultaneous study of the wall motion | 
of multiple small segments.*-” 
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Method 


. Experimental procedure: Twenty-four adult mongrel 
.. dogs weighing 14 to 28 kg were anesthetized with intravenous 
. administration of 25 mg/kg body weight of sodium pento- 
_ barbital and small supplemental doses administered as re- 
_ quired. Respiration was maintained with a Harvard pump 

- delivering room air through an endotracheal tube. A thora- 

_ cotomy was performed in the fifth left intercostal space and 
_ the heart suspended in a pericardial cradle. The left anterior 
_ descending coronary artery was dissected free from the ad- 
. jacent tissue, and either an inflatable cuff or a loose ligature 
= was placed around it just proximal to its first diagonal branch. 
_ Pressure in the aortic arch proximal to the balloon and in the 






Effects of Coronary Occlusion on Regional Left Ventricular 
. Function in Control Group (nine dogs) (mean values + 
. standard error of the mean) 


t 
EM: 
: 

















E Coronary Occlusion 
| Pre- 5 10 70 
occlusion Minutes Minutes Minutes 
Hemodyamics 
.. HR 1224+ 5 1216 t2 T 110+ 8 
E P NS NS NS 
Eb P NS NS 
— LVEDP Gites. B4t17 ETENN 88 1,8 
| P «0.001 «0.005 «0.005 
es P NS NS 
ELVSP - 112t7 112 1 8 109 + 10 105 «E. 11 
Bp P NS NS NS 
NS NS 
Control Segment 
EOL ^... 19 10.5 + 0.2 10.53: 0.1 10.6 + 0,2 
P <0.005 <0.005 <0.005 
E P NS NS 
ESL 8.6 + 0.2 8.7 + 0.2 8.7+0.1 8.8 + 0.2 
Bp Pp: NS NS NS 
^ %AL 14.3 + 1.7 37-1 1:9 7.7 1.8 16.9-+ 1.8 
P «0.05 «0.05 «0.05 
P NS NS 
" ' Marginal Segment 
EDL 10 10.6 + 0.1 10.6+0.1 106+0.1 
1 P «0.005 «0.005 «0.005 
E P NS NS 
SS ESL 85:102 98402 9.8102: 9:81:02 
EP «0.005 «0.005 «0.005 
p P NS NS 
— 96 AL IET TZ. 7.21.8 7139119 > 6.6 21:6 
P <0.01 <0.01 <0.01 
P NS NS 
Ischemic Segment 
. EDL 10 11.4 € 0.2 11.424+0.2 11.4402 
E> P <0.001 <0.001 <0.001 
EP NS NS 
E ESL 8.3 + 0.2 11.8 X 0.2 11.9 + 0.4 11.9302 
E P «0.001 «0.001 «0.001 
Eo P NS NS 
n %AL 17.1 £ 2:3 -3.520.7. —41£0.7 —4.0+ 0.8 
> P <0.001 <0.001 <0.001 
E: P NS NS 


. HR = heart rate (beats/min); LVEDP = left ventricular end-diastolic 
| pressure (mm Hg); LVSP = left ventricular peak systolic pressure (mm 
. Hg); NS —not significant; P = probability (Students t test) compared 
. with control value before coronary occlusion; P' — probability compared 
t ÉÍ previous value; % AL = percent segment shortening during sys- 
E tole. 


: 
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EDL = end-diastolic length (mm); ESL = end-systolic length (mm); 


left ventricular chamber was measured with either a high fi- 
delity catheter-tip manometer or a short fluid-filled poly- 
urethane tube connected to a Statham P23Db strain gauge 
introduced, respectively, through the right carotid artery or 
through a stab wound at the ventricular apex. The rate of rise 
of left ventricular pressure (dP/dt) was determined from the 
left ventricular pressure with use of a resistance-capacitance 
differentiation circuit but was not analyzed in detail because 
high fidelity recordings were not always obtained. 

An intraaortic balloon, 1.2 cm in diameter and 12 cm in 
length, was inserted through the femoral artery in nine dogs 
and advanced to a point just distal to the origin of the left 
subclavian artery. The balloon was inflated with 23 cc of 
carbon dioxide using a Datascope 80 counterpulsating device. 
Mean aortic diastolic pressure was measured by averaging the 
diastolic pressure at three points that divide the total diastolic 
period (from the preceding incisura to end-diastolic point) into — 
four equal parts. 

Measurements of regional ventricular dimensions: 
Three pairs of miniature (1.5 to 2 mm) ultrasonic crystals were 
implanted subendocardially for measurement of regional di- 
mensions. The crystals of each pair were separated by 1 to 2 
cm and were positioned in a circumferential plane around the 
left ventricle in three locations: a segment to be rendered 
ischemic, a normally perfused segment and a marginal seg- 
ment at the border of the ischemic region. 

During experiments, data were recorded on a Minograph 
forced ink oscillograph and stored on magnetic tape with the 
use of a TEAC R-260 data recorder. The end-diastolic point 
was identified at the nadir of the left ventricular pressure 
curve after atrial contraction where dP/dt crossed 0. End- 
systolic dimensions were taken 20 msec before the peak of 
negative dP/dt or at the nadir of the segment tracing showing 
a normal downward movement. The active segment short- 
ening was calculated as the difference between these two 
lengths. Each measured value was normalized to 10 mm initial 
segment lengths by dividing the observed length by the control 
end-diastolic segment length and multiplying by 10. This 
method of normalizing segment dimension was chosen be- 
cause the distance between each pair of crystals was variable 
and arbitrary (1 to 2 cm) in relation to the actual circumfer- 
ence of each heart, thus making it more convenient to compare 
segment response among different dogs. All data were re- 
corded at a paper speed of 100 mm/sec; calculations were made 
at the end of expiration. 

Protocol: Group I, a control group of 15 dogs, underwent 
ligation of the left anterior descending coronary artery fol- 
lowed by 70 minutes with no intervention. In group II (nine 
dogs), the left anterior descending artery was occluded in the 
same manner as in the control group, but intraaortic balloon 
counterpulsation was initiated 10 minutes after occlusion and 
allowed to continue for 1 hour. Balloon pumping was then 
discontinued and all recordings were repeated 5 minutes later. - 
In five dogs in group II, a control period of counterpulsation 
was carried out for 5 minutes after the control recordings 5e- 
fore coronary occlusion were obtained, and early changes in 
hemodynamic measurements and segment function resulting 
from balloon pumping were compared in the normal state and 
in the presence of infarction. 

Statistical analysis of the data was performed using Stu- 
dent's paired ¢ test. All results are expressed as mean + 
standard error of the mean. 


Results 


Effects of coronary occlusion (group I): In 6 of 15 
dogs subjected to acute occlusion of the left anterior 
descending coronary artery without any intervention, 
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ventricular fibrillation developed within 18 to 30 min- 
utes. The data obtained at 5, 10 and 70 minutes after 
occlusion are summarized in Table I. After coronary 
occlusion, rapid changes occurred in pressures and 
segment lengths, and a steady state was achieved be- 
tween 2 and 5 minutes of occlusion. Five minutes after 
the occlusion, left ventricular end-diastolic pressure was 
significantly increased (from 5.1 to 8.4 mm Hg). Heart 
rate and left ventricular systolic pressure were un- 
changed from control values. After coronary occlusion, 
end-diastolic dimensions increased by 5 percent in the 
control segment, by 6 percent in the marginal segment 
and by 14 percent in the ischemic segment. Percent 
shortening increased from 14.3 to 17.1 percent in the 
control segment and decreased from 15.2 to 7.2 percent 
in the marginal segment. In the ischemic segment, 
coronary occlusion resulted in a prompt cessation of 
active shortening with appearance of the passive bulge 
by 5 minutes of occlusion. There were no further sig- 
nificant changes in hemodynamic or dimensional 
measurements during the subsequent 60 minutes. 
Effects of counterpulsation after acute myo- 
cardial infarction (group II): Intraaortic balloon 
pumping was initiated 10 minutes after coronary oc- 
- clusion in this group. Eight of the nine dogs survived 
- and one died of ventricular fibrillation 2 minutes after 
the start of balloon pumping. Typical tracings from one 
dog are shown in Figure 1, and data obtained in eight 
dogs subjected to 60 minutes of counterpulsation after 
coronary occlusion are summarized in Table II and 
Figure 2. The acute coronary arterial ligation resulted 
in the same alterations in pressure and segment function 
_ observed in group I. With the onset of counterpulsation, 
gradual functional improvement was seen in the mar- 
ginal segment. Peak systolic pressure of the aorta and 
left ventricle decreased immediately after initiation of 
counterpulsation but this reduction counterbalanced 
within a few minutes (Fig. 1). After 60 minutes of bal- 
loon pumping, mean diastolic aortic pressure increased 
from 103 to 115 mm Hg and left ventricular end-dia- 
stolic pressure decreased from 7.5 to 5 mm Hg. In- 
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100 


L V P (mmHg) 


1 
Ao P (mmHg) 
100 


IS (mm) 
6 
9 
FIGURE 1. Representative original tracings showing MS (mm) 
the response in three segments of the left ventricular 6 
myocardium to acute coronary occlusion and to ? 
subsequent intraaortic balloon counterpulsation. Ao C S (mm) 
P — ascending aortic pressure; C S — control seg- 12 


ment: ECG = standard limb electrocardiogram; | S = 
ischemic segment; LVP = left ventricular pressure; 
M S = marginal segment. 
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traaortic balloon counterpulsation produced no change . 
in dyskinetic motion of the ischemic segment or no 
compensatory enhancement of segment shortening of — 
the control segment. The end-diastolic length of both — 
segments remained the same during the intervention. — 
With counterpulsation, the end-diastolic length ofthe — — 
marginal segment decreased from 10.5 to 10.2 mmin -. 
association with improvement of shortening from 6.9 E 
to 11.4 percent (Fig. 2). When balloon pumping was © 
discontinued, mean diastolic aortic pressure decreased 
to 100 mm Hg, and left ventricular peak systolic pres- 
sure remained unchanged. Although there was no . 
change in segment function of the control and ischemic  - 
segments, the active shortening of the marginal segment 
deteriorated again to the same value seen before thè E 
counterpulsation (Fig. 1 and 2). UM 

Role of systolic unloading in contractile function — 
of the ischemic ventricle (marginal segment): The ~ 
average changes resulting from 5 minutes of counter- . 
pulsation in hemodynamic measurements and in the . 
contractile function of the marginal segment in the — 
control state and after myocardial infarction are sum- 
marized in Table III and Figure 3. In the control state _ 
before coronary occlusion, the marginal segment showed . 
the normal systolic shortening with a percent shortening a 
value of 15.6 percent. As a result of balloon pumping, - 
peak systolic pressure immediately decreased, and | 
segment shortening was augmented with the reduction — 
in the end-diastolic length. These changes were stabi- — 
lized within several beats and sustained over the entire 
period of counterpulsation. Peak systolic pressure de- — 
creased by 10 percent with a percent shortening value — 
averaging 16.5 percent at 5 minutes of counterpulsa- — 
tion. D^ 

With ligation of the coronary artery, the end-diastolic 
length of the marginal segment increased by 6 percent — 
and the percent shortening decreased by 50 percent. E: 
Counterpulsation induced a significant decrease (10 3 
percent) in the peak aortic pressure 1 to 2 minutes after  . 
the onset of balloon pumping; however, this effect was 
no longer apparent at 5 minutes. The early improve- | 
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ment of the shortening of the marginal segment was 
~ clearly observed during this period, percent shortening 
. being augmented from 7.8 to 10.1 percent. 


Discussion 


_ Previous descriptions of functional improvement 
. after intraaortic balloon counterpulsation have focused 
- largely on overall ventricular performance. However, 
. the ischemic damage that prevents the subendocardial 

_ fiber from bearing tension and shortening or the re- 
. sponse to therapeutic interventions that alter infarct 


n a 


TABLE Il 








j 
size has been attributed to a regional phenomenon.®-!2 
Previously, conventional echocardiography was used 
to demonstrate a selective effect of counterpulsation on 
ischemic dyskinesia!*; results were not conclusive. With 
that method the fixed external transducer has the po- 
tential disadvantage of being subject to errors intro- 
duced by cardiac rotation, and the range covered by the 
beam is limited aceording to transducer locations and 
angles; thus it is possible that areas not struck by the 
beam may show some improvement with the interven- 
tion. With the ultrasonic technique used in our experi- 


[ Effects of Intraaortic Balloon Counterpulsation on Response to Coronary Occlusion (eight dogs) (mean values + standard 


. error of the mean) 


í O vjan DA Su cm a a a a E NE G S E 


ES enc 


Coronary Occlusion 


Pre- 5 10 70 75 
pt occlusion Minutes Minutes Minutes * Minutes! 
Tu Hemodynamics 
a HR 120+7 121+6 120+ 6 113 +6 114 4 6 
E J NS NS NS NS 
d P NS NS NS 

a LVEDP 2.8+0.5 7.0 + 0.7 7.5 + 0.6 5:0 E 0.5 6.3 t 0.5 

| P «0.001 «0.001 «0.005 «0.005 
i P NS «0.05 NS 
LVSP 127 t7 123 1 6 125 = 7 116+ 11 119 + 11 
P NS NS NS NS 
Ex P NS NS NS 
T AoP peak 127 8 12447 123+ 8 120 + 14 120+ 14 
| P NS NS NS NS 
P NS NS NS 
E AoP mean 106+ 8 10147 103 18 115 + 14 100 + 12 
E P NS NS «0.001 NS 
] P NS «0.001 «0.005 


N Control Segment 
1 E a —————————————— MÀ À— €i: 


EDL 10 


10.5 + 0.1 10.5 + 0.1 10.5 + 0.2 10.6 + 0.2 
| P «0.005 «0.005 «0.05 «0.05 
h P NS NS NS 
ESL 8.6 + 0.2 8.7 + 0.2 8.7 + 0.2 8.7 + 0.2 8.7 + 0.2 
| P NS NS NS NS 
E P NS NS NS 
a % AL 13.9 + 2.3 17.0 4 2.3 17.2 3 2.3 17.1 3 2.8 17.6 3 3.1 
E P «0.001 «0.001 «0.001 «0.001 
B- P NS NS NS 
J LLL LLL LLL a a ener ene meee pe 


Marginal Segment 
F E a a ee ĖĖ E 


EDL 10 10.5 + 0.1 10.5 + 0.1 10.2 + 0.2 10.3 + 0.3 
P <0.001 <0.001 NS NS 
P NS <0.05 NS 
ESL 8.6 + 0.1 9.8 + 0.1 9.8 £ 0.1 9.1 + 0.2 9.6 + 0.3 
y P <0.005 <0.001 NS <0.05 
t P NS «0.05 «0.05 
E % AL 14.44 1.1 7.0 + 1.0 6.9 + 1.1 11.4 + 1.0 6.9+ 0.8 
A P <0.005 <0.001 <0.05 <0.005 
EC p. NS «0.05 «0.05 
d EEEa E a a a 
E Ischemic Segment 
B. EDL 10 11.2 + 0.2 11.3 + 0.2 11.2 € 0.2 11.2 € 0.2 
E P «0.005 «0.005 «0.001 «0.001 
‘ P NS NS NS 
ESL 8.6 + 0.3 11.6 + 0.4 11.7 + 0.3 11.6 + 0.3 11.7 + 0.2 
P «0.001 «0.001 «0.001 «0.001 
P | | NS NS NS 
% AL 14.0 x 2.9 —4.1 x 1.5 —4.2 t 1.4 "5.8112 —4.0 + 1.2 
P «0.001 «0.001 «0.001 <0.001 
P NS NS 


* Sixty minutes of intraaortic balloon counterpulsation. 
t Five minutes after cessation of counterpulsation. 
AoP = aortic pressure; other abbreviations as in Table |. 
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Percent 


[ ] Control 
10 min after Coronary Occlusion 


60 min of Counterpulsation 


Bl 5 min after Cessation of Counter- 
pulsation 


FIGURE 2. Average values of end-diastolic length and percent short- 
ening are compared for the control period before coronary occlusion, 
10 minutes (min) after occlusion, 60 minutes after the institution of in- 
traaortic balloon counterpulsation and 5 minutes after cessation of 
counterpulsation. Note the selective improvement of shortening with 
the reduction of end-diastolic length in the marginal segment during 
counterpulsation. NS — not significant. 


TABLE III 


Systolic Unloading Effects of Intraaortic Balloon Counterpulsation (IACP) on the Normal and Ischemic Heart (five dogs) " 


(mean values + standard error of the mean) 
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FIGURE 3. Effects of intraaortic balloon counterpulsation (ACP) on peak — 
aortic pressure, and end-diastolic length and percent shortening of the — 
marginal segment are compared before (Preocclusion) and after _ 
(Postocclusion) ligation of the left anterior descending coronary artery. — . 
Note that the unloading effect achieved continuously in the control state - y 
was counterbalanced within a few minutes after the infarction and was — 
associated with a substantial progressive improvement of marginal 
segment shortening. NS — not significant. ad 


Postocclusion 





jJ: ee o E 
5 Minutes Before 1-2 Minutes 5 Minutes 
Before of IACP IACP of IACP of IACP 
Hemodynamics 
HR 13548 133 + 8 132 + 10 129 + 11 126+ 11 
P NS NS NS 
LVEDP 3.8 + 1.6 2.8+ 1.2 8.8+ 1.4 7.2 t 1.0 7.2 t 1.0 
P NS «0.05 «(0.05 
LVSP 114 46 108 + 6 115.6 UTES 1156 4 
P | «0.01 «0.05 NS E. 
AoP peak 116 +6 107 46 117 £6 107 £5 1153-6 = 
P <0.05 <0.05 NS E 
AoP mean 100 + 5 11247 101+5 110 +7 117 4:7 A 
P «0.05 «0.05 «0.01 
Marginal Segment 1 
EDL 10 9.9 + 0.1 10.6 & 0.1 10.4 + 0.1 10.3 € 0.1 
P «0.05 «0.01 «0.05 
ESL 8.4 + 0.2 8.2 + 0.3 9.7 + 0.3 9.4 + 0.3 9.3 t 0.3 
P «0.05 «0.05 «0.05 
% AL 15.6 + 2.2 16.5 + 2.4 7.8+ 2.0 9542.2 16:7 € 2.1 
P «0.05 NS «0.05 


P — probability compared with control value before counterpulsation in each intervention; other abbreviations as in Tables | and ll. 
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arr 2 B and marginal segments (right panel) at the four stages 
an shown in Figure 2. A = control before coronary occlusion; 
B. B — 10 minutes after occlusion; C — 60 minutes after 
E institution of intraaortic balloon counterpulsation; and D 
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. ments, pairs of crystals were implanted subendocar- 
- dially precisely at the location rendered ischemic, 
. marginally ischemic and normally perfused after acute 
. coronary occlusion. This approach has provided much 
. more sensitive and stable measurements of the dy- 
. namics of segment length between crystals.8-1? 
= Counterpulsation and left ventricular function: 
- In our experiments, characteristic alterations were 
- Shown in each ventricular segment with acute coronary 
occlusion; however, they were not accompanied by the 
. extreme elevation of end-diastolic pressure frequently 
observed in the clinical setting, because in the open 
- chest dog the left ventricle operates on the low flat 
- portion of the pressure-length relation, where large 
_ changes occur in the length with less marked changes 
_ in the pressure. These early alterations in pressure and 
. dimension measurements remained unchanged during 
the ensuing period of examination in the group not 
- subjected to balloon pumping. On the other hand, in the 
group undergoing counterpulsation, the therapeutic 
effectiveness of balloon pumping was evident in the 
marginal segment. Figure 4 illustrates the relation be- 
tween the end-diastolic length and percent shortening 
_in control and marginal segments during the course of 
- treatment in these eight dogs. Before coronary occlu- 
- Sion, points on the function curve in both control and 
marginal segments of myocardium were much the same. 
- In the control segment, acute coronary occlusion re- 
- sulted in a parallel increase in end-diastolic length and 
shortening, moving the single function curve upward 
_ and indicating the compensatory operation of Frank- 
Starling mechanisms and segment function was sta- 
- tionary throughout the remainder of the study period. 
_ The function curve of the marginal segment was con- 
_ siderably depressed after occlusion (point B in the right 
panel). With the institution of balloon pumping, the 
. function curve shifted to the left and upward, as clearly 
evidenced by increased active shortening associated 
with a decrease in end-diastolic length (point C). With 
cessation of counterpulsation, there was a deterioration 
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lines indicate hypothetica! myocardial function curves. 
(See text.) 


of function (point D). Such selective improvement of 
viability of the marginal segment may indicate the fa- 
vorable effect of counterpulsation in reducing the 
magnitude and extent of acute myocardial injury.!4 

Counterpulsation and systolic unloading: The 
abrupt deflation of the balloon caused a substantial fall 
in the level of systolic pressure. The significant reduc- 
tion in systolic pressure has been achieved continuously 
throughout the entire period of balloon pumping in the 
control state before coronary occlusion; however, this 
theoretical advantage of counterpulsation in reducing 
the work load on which ventricular performance is de- 
pendent!®.!6 was no longer visible by 5 minutes of bal- 
loon pumping instituted after the infarction. This latter 
response may be the result of counterbalance of systolic 
unloading by an improvement in cardiac perfor- 
mance.!’:!5 Thus, the observed further change in func- 
tion of the marginal segment appears to be attributable 
to an increase in myccardial blood flow and in the 
availability of oxygen to the myocardium as a result of 
the augmented diastolic pressure. In the clinical patient 
with extensive myocardial infarction, the unloading 
effect of counterpulsation might not be completely 
counterbalanced as in our experimental model without 
cardiac failure. 

Counterpulsation and coronary blood flow and 
perfusion: Conflicting results have been reported 
concerning the resultan: alteration of coronary perfu- 
sion during balloon pumping. Many workers!?:19.20 who 
attempted to measure changes in regional myocardial 
blood flow failed to show conclusively that possible fa- 
vorable effects of balloon pumping could be attributed 
to an increase in collateral blood flow; others?!:22 re- 
ported that adequate counterpulsation could open 
dormant collateral vessels in dogs. The actual aug- 
mentation of regional coronary blood flow by the 
counterpulsation has recently been documented with 
the use of radionuclide-labeled microspheres,?? and it 
has been suggested that the efficacy of counterpulsation 
in redistributing regional coronary flow is related to the 


P <i 4 yh Ae a ° rz - : 
zd UT aW S y Je ans e s Bain eda aed aeg Tos " x X AE i ; XY" mu oar 
D A9 ^ - x Ü - vab «Sac wo bI us as i a CN w UM MA UA ° ->a ^ ER CT $ uy RA J , ) p 
| ci v4 © wait - uc + Aisi D sys AOR e A a rn I OR EPI Vae Sut TN VA Wak = APNFAI I 4 ber te ~ A A NAATA AAA CT 5 
ran | Fee -INTRAAORTIC COUNTERPULSATION AND REGIONAL MYOCA DIAL FUNCTION—SASAYAMA ET AL. 
Jm e. e Yh” - à rs ° y b a aha 1 


duration of ischemia before the institution of balloon 
pumping?! or to the magnitude of the transmural 
pressure gradient produced by balloon augmentation 
of diastolic pressure.”° 

Under experimental conditions in which the coronary 
perfusion pressure is altered separately from the ven- 
tricular pressure, coronary blood flow can be maintained 
remarkably constant through autoregulation by the 
coronary bed. However, this autoregulation becomes 
incomplete with a perfusion pressure of less than 60 mm 
Hg because the flow becomes perfusion pressure-de- 
pendent.?9 Powell et al.!® studied the effect of coun- 
terpulsation on cardiac dynamics in anesthetized canine 
right heart bypass preparations at different levels of 
coronary blood flow and clearly demonstrated that 
unless coronary blood flow and cardiac output were 
initially low, balloon pumping produced little steady 
state change in coronary blood flow due to autoregula- 
tion. On the other hand, when coronary flow was lim- 
ited, with the coronary vasculature maximally or near 
maximally vasodilated secondary to overriding of the 
autoregulatory response by metabolic factors, balloon 
pumping produced a large increase in coronary blood 
flow. As a result, cardiac function improved sufficiently 
to mask the unloading effect of this intervention.!5 The 
marginal segment surrounding the central ischemic 
region?" is characterized by a similar pathologic situa- 
tion, as shown in the experiment of Powell et al. in which 
myocardial function was impaired as a result of de- 
creased coronary blood flow. Under these circum- 
stances, the increased perfusion pressure resulting from 
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counterpulsation can effectively augment regional blood  . 
flow and aid in reperfusion of the regional myocar- - 
dium. 
Clinical implications: In clinical studies it has been 
shown that, despite an immediate hemodynamic im- 
provement, ventricular function deteriorates with 
prolonged duration of circulatory assistance, probably 
because of a gradual change in ventricular compliance 
due to the pathologic process or to the balloon coun- 
terpulsation itself. Although intraaortic balloon 
counterpulsation is only a temporary support measure 
for patients with cardiogenic shock, balloon pumping 
combined with emergency revascularization has fa- 
vorably affected surgical mortality. The ischemic re- 
gion is surrounded by an area in which some cells ren- 
dered fully ischemic and some only partially so are 
mixed with residual patches of normal tissue. This re- 
gion reflects the balance between oxygen supply and . 
demand and is influenced favorably or unfavorably by 
acute interventions.®!2 Thus, effective suppression of 


the ischemia will be provided by intraaortic balloon : 4 


counterpulsation in this region. However, in some cases — 


the observed improvement in segment function could - 2 


be transient, and partial restoration of contractile 
function in the border zone might not compensate for 
the extensive myocardial damage in the central ischemic 
zone. 
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Echocardiography has been found useful in the preoperative prediction E 
of the severity of obstruction in patients with aortic stenosis. To assess _ 
its role as an index of peak left ventricular systolic pressure in patients 
with surgically treated left ventricular outflow obstruction, 16 patients were. E | 
evaluated with both echocardiography and cardiac catheterization after — 
aortic valve surgery. In addition, 19 other patients with aortic stenosis were 
studied before surgery to review the preoperative use of the current — 
echocardiographic formulas. These formulas provided reliable preoper- — 
ative prediction of peak left ventricular systolic pressure (r = 0.90, P E 
<0.001), but postoperative predicted left ventricular systolic pressure s. 
derived from either end-systolic or end-diastolic formulas correlated poorly E 
with postoperative peak left ventricular systolic pressure measured at 
cardiac catheterization. Left ventricular posterior wall dimension remained — 
significantly enlarged as long as 122 months after surgery for left ven- 
tricular outflow obstruction and contributed to the postoperative echo- - 
cardiographic overestimation of peak left ventricular systolic pressure. — 
Left ventricular cavity dimension was not significantly altered postoper- a 
atively. “a 
These data indicate that currently applied echocardiographic formulas - J 
remain of value in the preoperative evaluation of patients with aortic 
stenosis but are not reliable in the postoperative period. These findings 
also suggest that the course of regression of myocardial hypertrophy after 
relief of left ventricular outflow obstruction, as reflected in left ventricular a | 
posterior wall dimension, may be less complete in man than it appears. * 
to be in animal models. i. 


pU 


Recent studies!-> have confirmed the value of cardiac ultrasound in — 
estimating the severity of obstruction in children and adolescents with ` 
aortic stenosis. These investigations have utilized echocardiographic ~ 
measurements of end-systolic or end-diastolic left ventricular posterior — 
wall thickness, cavity dimension and septal thickness to estimate peak 
left ventricular systolic pressure. High levels of statistical correlation ` 
have been found between the peak left ventricular systolic pressure es- — 
timated with ultrasound and that measured at cardiac catheterization. | 
In the one study? that expanded this approach and systematically — 
evaluated patients after relief of aortic obstruction postoperative cardiac | 
catheterization was not performed; thus the correlations between E 
echocardiographic estimations of peak left ventricular systolic pressure _ 
and the actual pressure measurements could not be properly as- - 
sessed. E 

The present investigation was carried out to assess the relation be- — 
tween the noninvasive estimation of peak left ventricular systolic pres- 
sure and the direct measurement of this pressure at catheterization after 
aortic valve surgery. In addition, the course of regression of left ven- 
tricular myocardial hypertrophy in the postoperative period was ana- 
lyzed. 


January 1979 The American Journal of CARDIOLOGY Volume 43 67 3 


"ECHOCARDIOGRAPHY IN AORTIC STENOSIS—GEWITZ ET AL. 


^ 


Material and Methods 


Patients: In 16 patients aged 5 to 20 years (mean 15) cardiac 
catheterization and echocardiography were performed within 
a 24 hour period. All patients had undergone aortic valvotomy 
(no. = 15) or aortic valve replacement (no. = 1). The interval 
between operation and time of study ranged from 10 to 122 
months (mean 36). Eight patients had minimal aortic regur- 

. gitation, and no patient with significant aortic regurgitation 
(greater than 1+ on angiography) or congestive heart failure 


I———— HW — — 9 


was included in the series. Two patients had previous repair 
of associated coarctation of the aorta, and three had resection 
of associated subaortic membranes. One patient underwent 
valvotomy on two separate occasions and finally required 
aortic valve replacement. The catheterization and echocar- 
diographic data reported from this patient were obtained after 
valve replacement. 

In addition, a separate group of 19 patients with aortic 
stenosis were evaluated preoperatively to reassess cur earlier 
data on the value of echocardiography in estimating peak left 
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with that estimated from end-systolic echocardiographic 
(echo) data in 32 patients with aortic stenosis before 
surgery. n = number of patients; p = probability; r = 
correlation coefficient; other abbreviations as in Figure 
1. 
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ventricular systolic pressure.” Serial preoperative and post- 
operative echocardiographic and hemodynamic studies in 
these 19 patients have not yet been accomplished. 
Echocardiography: All echocardiograms were performed 
using a Picker 80C Echoview echocardiograph interfaced with 
a Honeywell strip chart recorder. A 3.5 megahertz focused 
transducer was positioned in the third to fourth intercostal 
space along the left sternal border with the patient at rest in 
_ the supine position, and recordings were made at a paper 
speed of 25 mm/sec. 
Standardized measurements of end-systolic left ventricular 
posterior wall thickness (Ws) and left ventricular internal 
cavity dimension (Ds) were carried out just before full visu- 


300 
260 
220 
180 


140 


FIGURE 3. Comparison of left ventricular peak systolic 
. pressure obtained at cardiac catheterization with that 
. estimated from end-diastolic echocardiographic (echo) 
data in 19 patients with preoperative aortic stenosis. h/r 
— mean septal and posterior wall thickness divided by 
half the left ventricular cavity radius; other abbrevi- 
ations as in Figure 2. 
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TABLE | 
Preoperative Hemodynamic and Echocardiographic Data 


Case Echocardiographic Dimensions (cm) 
no. Ws Wd Ds Dd ST 
1 1.6 0.9 2:1 3.2 1.0 
2 1.3 1.0 1.9 3.0 0.8 
3 1.9 1.1 2.1 4.1 1.9 
4 1.5 1.1 2.4 4.0 1.2 
5 1.5 0.8 2.4 4.0 0.9 
6 1.4 1.0 2.2 4.1 0.9 
7 1.8 0.9 2.1 3,2 0.8 
8 1.1 0.5 1.8 A EE 0.7 
9 13 0.8 1.5 2.7 0.8 
10 1.2 0.9 1.9 3.2 1.0 
11 ENTA 1.0 2.5 4.2 1.1 
12 1.6 0.9 2.6 4.0 0.9 
13 2.0 1:5 3.2 4.7 1.1 
14 1.0 0.7 2.2 N i 0.7 
15 13 0.8 2.0 3.5 0.8 
16 1.6 1.1 2.5 3.8 12 
17 12 1.1 2.2 4.6 0.9 
18 1.5 1.0 15 x Ww. 1.2 
19 1.9 1.1 2.3 4.3 1.2 


Cath = cardiac catheterization; Dd and Ds = left ventricular cavity dimension at end-diastole and end-systole, respectively; he mean 
of end-diastolic left ventricular posterior wall thickness and end-diastolic septal thickness; LVP = left ventricular systolic pressure; r = one-half — 
left ventricular diastolic cavity dimension; ST — end-diastolic septal thickness; Wd and Ws — left ventricular posterior wall thickness at j 


end-diastole and end-systole; respectively. 
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alization of the anterior mitral valve leaflet (Fig. 1). Estima- x 
tion of peak left ventricular systolic pressure (LVP) was made © 
according to our previously published formula”: iy 


LVP = Ws + Ds X 225. | E 


In addition, end-diastolic measurements of left ventricular — 
posterior wall thickness (Wd), internal cavity dimension (Dd) — 
and septal wall thickness (ST) were performed and estima- — 
tions of peak left ventricular systolic pressure were carried out . 


using the formula of Aziz et alt: 4 


ved 


LVP = . x 298 + 6 + 13.4 P 


T 


4 q 
. DIASTOLIC FORMULA: | 
4 LVP = x 298+6 +134 — 
es .? a 
aiit d nzl9 
r =0.60 
p<0.0l 
y=0.680X + 46 


4 
2 


LVP (mm Hg) 
Echocardiogram 
zi Systolic Diastolic 
Ws/Ds h/r Formula Formula Cath 
0.76 0.59 171 182 177. 
0.68 0.60 154 185 168 
0.59 0.59 203 180 - 160 
0.62 0.58 141 177 150 
0.62 0.42 141 132 143 
0.64 0.46 144 144 160 
0.71 0.53 161 164 180 
0.61 0.36 137 114 148 
0.73 0.59 165 182 150 
0.63 0.65 142 182 140 
0.68 0.50 153 155 150 
0.61 0.45 138 140 126 
0.62 0.55 141 171 135 
0.45 0.38 102 118 95 
0.55 0.46 .124 142 122 
0.64 0.61 144 186 150 
0.54 0.41 123 129 113 
1.0 0.69 225 211 210 
0.82 0.53 186 165 204 


M 





_ where h = mean septal and posterior wall thickness and r = 

— one-half the left ventricular cavity radius. Simultaneous 

. electrocardiograms were displayed with the echocardiogram 
. and used in timing measurements. At least three separate 
- cardiac cycles were measured and averaged to obtain final 
_ dimensions. 

— Cardiac catheterization: This was performed with the 
. patient under sedation with meperidine (1.5 mg/kg) and hy- 
— droxyzine (3 mg/kg). Pressures were recorded using a fluid- 
. filled catheter system and Statham P23db transducers linked 
- with an Electronics for Medicine DR-8 multichannel unit. 

| All statistical analyses were carried out using the two-tailed 
- t test for paired groups.® 

3 Results 


b 
j 


— Preoperative findings: The preoperative hemody- 
. namic and echocardiographic data are presented in 


i 


, E 





Table I. When combining this series of 19 patients with 
the group of 13 we have previously described,? we were 
able to demonstrate that in the extended group of 32 
patients echocardiographic estimation of peak left 
ventricular systolic pressure using the systolic formula 
remains significantly correlated with actual catheter- 
ization measurements (r = 0.90, P <0.001) (Fig. 2). A 
high level of correlation was also found using the dia- 
stolic formula (r = 0.60, P <0.01) (Fig. 3). 
Postoperative findings: Hemodynamic and echo- 
cardiographic measurements for the postoperative 
group and derived indexes are listed in Table II. The 
peak left ventricular systolic pressure measured at 
catheterization ranged from 100 to 180 mm Hg (mean 
141) and the peak left ventricular to ascending aortic 
pressure difference ranged from 5 to 50 mm Hg (mean 
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FIGURE 5. Comparison of catheterization measure- 
ments and end-diastolic echocardiographic estima- 
tions of peak left ventricular systolic pressure in 16 
patients with aortic stenosis in the postoperative 
period. Abbreviations as before. 
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93). In 9 of the 16 patients, the decrease in peak systolic 
pressure across the aortic valve was 21 mm Hg or less. 
Postoperative echocardiographic estimation of peak 
left ventricular systolic pressure ranged from 109 to 225 
mm Hg (mean 169) with the systolic formula and from 
136 to 268 mm Hg (mean 192) with the diastolic for- 
mula. Correlation was poor between the peak left ven- 
tricular systolic pressure measured at catheterization 
and that derived from echocardiographic measure- 
ments. Either the systolic formula (Fig. 4) or the dia- 
stolic formula (Fig. 5) regularly overestimated the actual 
peak left ventricular systolic pressure. In 8 of 11 cases, 
for example, where the measured peak left ventricular 
systolic pressure at catheterization was 140 mm Hg or 
less, the predicted pressure by ultrasound was greater 
than 140 mm Hg (Fig. 6). In one of these cases the pa- 
tient was studied 122 months postoperatively and had 
an echocardiographically predicted pressure of 200 mm 
Hg but a measured pressure of 140 mm Hg at cathe- 
terization. 

Assessment of left ventricular posterior wall di- 
mension, taken as an indicator of the status of. left 
ventricular myocardial hypertrophy, revealed a per- 
sistent increment in wall thickness despite almost 
complete relief of outflow obstruction in 10 of the 
postoperative patients and significant improvement in 
6 others. Figure 7, left panel, demonstrates that, in 11 


of the 16 patients, left ventricular posterior wall di- . 


mension, normalized for body surface area, remained 
well above the 95 percent confidence limits set by Rogé 
et al.’ There was no apparent relation between the 
length of the postoperative interval and the thickness 
_of the left ventricular posterior wall or between the re- 
sidual left ventricular to ascending aortic peak systolic 
pressure difference and the left ventricular posterior 
wall dimension. However, left ventricular cavity di- 
mension, remained well within the 95 percent confi- 
dence limits of Rogé et al. (Fig. 7, right panel), indicating 
that alteration in cavity dimension was not a factor in 
this series. 


TABLE Il 
Clinical and Hemodynamic Data in Postoperative Group 





Postop Echocardiographic 
Case BSA Interval Dimensions (cm) 
no. (m?) (Mo) Ws Wd Ds Dd ST 
1 1.4 23 2.0 1.4 2.2 3.8 1.6 
2 2.2 20 1.8 1.1 3.6 Bd jm 
3 1.7 10 2.0 1.3 2.4 3.4 149 
4 he 12 1.7 1.0 1.9 4.0 1.0 
5 1:5 122 2.0 1.4 2.0 4.0 1.0 
6 0.8 23 1.0 0.6 1.8 3.2 1.2 
7 1.8 70 2.0 T 2.0 4.1 0.8 
8 1.0 70 5 1.1 1.9 2.9 1.1 
9 0.7 13 3.0 0.8 Ht 2.4 1.3 
10 0.7 54 1.1 0.7 2.2 3.9 0.8 
11 1.7 108 2.1 1.6 2.6 4.7 1.0 
12 t5 11 1 1.0 72 4.2 1.1 
13 1.1 13 1.6 his 2.0 3.2 1.0 
14 2.0 53 1.9 1.6 2.8 4.1 2.0 
15 1.7 92 1.8 1.3 3.8 5.8 1.5 
16 1.7 81 2.0 1.3 2.4 «Nd 1.7 








Discussion 
Reliability of preoperative echocardiographic _ 
dimensions to predict peak left ventricular systolic - 
pressure: The use of end-systolic echocardiographic 
measurements of wall thickness and cavity dimension - 
to assess peak left ventricular systolic pressure in pre- 
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FIGURE 6. Comparison of measurement of peak left ventricular systolic — 
pressure obtained at catheterization with that estimated using the — - 
end-systolic echocardiographic formula in 11 postoperative patients — 
with measured pressures of 140 mm Hg or less. Overestimation of peak 
left ventricular systolic pressure is noted in 8 of these 11 patients. — 
Figures at right indicate the number of months after operation. 4 










LVP (mm Hg) A 
Echocardiogram LV-Ao AP Er 
E Systolic Diastolic mm H 

Ws/Ds h/r Formula Formula Cath  Preop  Postop 

0.91 0.79 205 241 170 90 32 

0.51 0.53 113 163 120 86 10 

0.83 0.76 188 234 130 57 40 

0.89 0.50 200 155 140 55 30 

1.0 0.65 225 200 140 105 20 

0.56 0.44 126 136 100 53 5 

1.0 0.54 225 166 160 67 30 

0.79 0.83 178 253 135 F 30 

0.65 0.67 146 205 130 TT 20 

0.50 0.44 113 136 140 75 20 

0.84. 0.57 180 177 180 85 50 

0.77 0.48 174 149 130 60 10 

0.80 0.72 180 220 136 55 21 

0.68 0.88 153 268 156 76 24 . 
0.45 0.48 109 149 158 50 15 A 
0.83 0.67 187 207 140 : 20 


* Original catheterization was limited to the right side of the heart. 


BSA = body surface area; LV-Ao AP = left ventricular to ascending aorta peak systolic pressure difference; Postop = postoperative; 


Preop = preoperative; other abbreviations as in Table |. 
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. FIGURE T. Normalization of end-systolic left ventricular posterior wall dimension (LVPWD) (left) and of end-diastolic left ventricular cavity dimension 
(LVEDD) (right) for body surface area (BSA) in the postoperative group of 16 patients. Confidence limits are those set by Rogé et al.” and confirmed 


E dn our laboratory. n — number of patients. 


| operative aortic stenosis has been based on the as- 
. sumption that wall mass increases in proportion to 
pressure load on the left ventricle and continues to de- 
velop until wall stress is normalized as long as normal 
_ left ventricular function is preserved.99? A modification 
of this approach has attempted to demonstrate en- 
. hanced reliability of end-diastolic echocardiographic 
. measurements,’ assuming that peak left ventricular wall 
Stress occurs in early systole before significant left 
| ventricular wall thickening has developed.!? In either 
. case, empirically derived echocardiographic formulas 
. appear to predict reliably preoperative peak left ven- 
tricular systolic pressure in patients with aortic steno- 
| Sis. f 
a Unreliability of postoperative echocardiographic 
_ dimensions to predict peak left ventricular systolic 
_ pressure: However, these formulas did not prove reli- 
_ able for prediction of left ventricular hemodynamics in 
_ the postoperative period. Either the systolic formula or 
. the diastolic formula overestimated peak left ventricular 
= systolic pressure, and thus the severity of obstruction, 
, once aortic valvotomy was performed. Even in cases 
where only partial relief of obstruction was accom- 
3 plished, these formulas still did not define the actual 
1 degree of residual obstruction. 
~ The mechanism responsible for the postoperative 
. overestimation of left ventricular pressure by echo- 
. cardiography appears to be a residual increment in left 
. ventricular posterior wall thickness that was found in 
. patients as long as 122 months after valvotomy. This 












evidence for persistently increased left ventricular 
posterior wall dimension supports the concept that the 
course of regression of myocardial hypertrophy after 
removal of obstruction may not be as complete in man 
as it appears to be in the experimental model. Several 
workers using animal models!'^!? have found nearly 
total regression of myocardial hypertrophy after relief 
of aortic obstruction in rats. However, even in these 
studies certain elements of the hypertrophic response, 
such as deoxyribonucleic acid content and hydroxy- 
proline content, did not return to control levels. On the 
other hand, the course of regression of myocardial hy- 
pertrophy in human beings has been less consistent. 
Recent investigations!?!* have shown significant re- 
gression of myocardial hypertrophy after successful, 
uncomplicated aortic valve replacement, although left — 
ventricular mass did not completely return to normal 
values. In contrast, Baxley and Dodge! found very little 
regression of myocardial hypertrophy in a group of pa- 
tients studied with cardiac catheterization as long as 14 
months after successful relief of left ventricular pressure 
overload. Our investigation tends to support these latter 
observations. Perhaps factors such as the slower rate of 
development of increased afterload and the longer du- - 
ration of outflow obstruction that occur in vivo in man 
are important points that differentiate the clinical sit- 
uation from the experimental model. 

Our echocardiographic results appear to differ from 
the preliminary postoperative data accumulated by 
Johnson et al.,? who concluded that ultrasonic evalua- 
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tion of peak left ventricular systolic pressure using the 
systolic formula was reliable in the postoperative period. 
However, as they indicated, the late postoperative 
cardiac catheterization studies necessary to confirm the 
reliability of ultrasonic estimations were not performed 
in that study. 

Clinical implications: From these data, the fol- 
lowing points can be made relative to the use of ultra- 
sound in children and adolescents with aortic stenosis: 
(1) currently applied echocardiographic formulas for 
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preoperative prediction uf peak left ventricular systolic - 
pressure are reliable; (2) these formulas consistently 
overestimate peak left ventricular pressure in the 
postoperative period; and (3) persistently increased left _ 
ventricular posterior wall dimension, found after | 
achievement of either partial or complete operative 
relief of left ventricular pressure overload, raises ques- 
tions relative to the completeness of the regression of . 
myocardial hypertrophy after removal of significant 
aortic obstruction. 
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In 16 patients with coarctation of the aorta blood pressure in the arms and 
legs was measured before and after exercise using a treadmill and the 
Bruce protocol to achieve a standardized level of exercise. Three patients 
had had no previous operation; 13 had had a previous surgical repair of 
the coarctation. Three patients were studied both before and after oper- 
ation. Two of the 13 patients studied postoperatively were found to have 
significant residual coarctation on the basis of a postexercise arm to leg 
pressure gradient that had not been appreciated on routine postoperative 
examination, and one of these patients was found to have residual 
coarctation after his second operation. One patient not operated on was 
believed to have mild coarctation of no clinical significance. Eleven of 
the 13 patients previously operated on (85 percent) were found to have 
had a satisfactory repair. A postexercise arm to leg systolic blood pressure 
gradient of more than 35 mm Hg after repair of coarctation of the aorta 
is suggested as an indication for recatheterization. 


The incidence rate of persistent aortic coarctation or “restenosis” after 
surgical repair of coarctation of the aorta is approximately 11 per- 
cent.1-16 

The postoperative evaluation of patients with coarctation has included 
(1) physical examination, applying the original criteria for the diagnosis 
of coarctation established by Wernicke!?!8 in 1875, that is, (a) pulse rate 
discrepancy between arms and legs, and (b) dilated intercostal collateral 
circulation, as manifested by pulsations, bruits and murmurs in the in- 
terscapular area; (2) the restudy with angiography, either of all post- 
operative patients or only of patients with upper limb hypertension with 
exercise!?-?4^ or with an arm to leg systolic blood pressure gradient of 
more than 10 mm Hg at rest.?^ 

This study was undertaken to evaluate whether measuring the arm 
to leg systolic blood pressure gradient would provide a more sensitive, 
but still noninvasive, means of evaluating patients with coarctation of 
the aorta, particularly after surgical repair. Studies were performed at 
rest and immediately after a standardized amount of exercise, using the 
treadmill exercise protocol outlined bv Bruce.?9.?7 


Material and Methods 


Nineteen studies were performed in 16 patients (Table I); 9 patients were male 
and 7 were female and their ages ranged from 7 to 34 years. Three patients (Cases 
2, 3 and 4) had chromosomal evidence of Turner's syndrome. Three patients 
(Cases 12, 14 and 15) had not had an operation at the time of study, although 
Patient 12 did subsequently undergo repair. Thirteen patients had had a previous 
coarctation repair. Three patients (Cases 1, 2 and 12) were studied both before 
and after operation. The postoperative studies were performed 1 to 9 years after 
repair. 

Exercise stress testing: Throughout the study, blood pressure cuff size was 
chosen according to limb circumference by the following criteria: (1) 15 cm wide 
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Summary of Data in 16 Cases A 
Í 





K bs bah RAG = E 109 iis y than 35 mm Hg was selected as the indication for recathe- — 
/ 7 ee ae , i K , 
15 130/80 88/60 42 180/50 90/60 90 terization. This value was chosen because it was the highest — 





G — net systolic pressure gradient between the right arm and the right 
leg. 


extra large cuff for a limb with a circumference of 32 to 38 cm; 
(2) 12.5 cm wide adult cuff for a limb with a circumference of 
25 to 32 cm; (3) 10 em wide child's cuff for a limb with a cir- 
cumference of 19 to 25 cm; and (4) 7.5 cm. wide toddler's cuff 
for a limb with a circumference of less than 19 cm. All blood 
pressure determinations, both before and after exercise, were 
performed with the patient supine. At initial evaluation it was 
established that blood pressures in the arms were equal, to rule 
out any source of error that might be introduced by the pres- 
ence of an aberrant subclavian artery or postoperative sub- 
clavian obstruction. 

Immediately after the determination of arm and leg blood 
pressures, the treadmill stress test was performed according 
to the Bruce protocol, as modified for younger children when 
required.?9.27 The measurements were reported immediately 
after the exercise test. In the poststress evaluation blood 
pressure in the leg was always measured before pressure in the 
arm so that any slight decrease in heart rate and cardiac out- 
put that might occur in the 30 to 45 seconds between mea- 
surements would tend to underestimate rather than overes- 


poststress gradient found in any patient who was considered 


Age at Time 
Age at 96 Exercise Blood Pressure Blood Pressure Previous Type of From Surgery 
Case Test Performed Before Exercise (mm Hg) — After Exercise (mm Hg) Surgery Surgical to Test | 
no. (y) | Sex  forAge* Arm Leg G Arm Leg G (yr) Repair (yr) f 
1 13 M 100 115/60 95/60 20 220/95 95/60 125 4 End to end anastomosis 11 1 
16 M 100 118/78 98/70 20 240/80 140/80 100 13 End to end anastomosis 3 k 
2 24 F 110 120/80 100/80 20 220/80  100/? 120 3 End to end anastomosis 21 2 
25 F 100 120/80 120/80 ? 170/80 160/80 10 24 Patch aortoplasty 1 4 
3 14 F 90 142/84 140/60 2 178/80 168/80 10 8 End to end anastomosis 6 x 
4 10 F 100 124/74 116/80 8 180/60 150/90 30 7%> End to end anastomosis 2! a 
ese odie eae see eee pa's cee 1% . o eee a 
5 10 F 100 90/60 110/70 — 140/80 144/80 0 8. End to end anastomosis 11 t 
6 17 F 100 120/72 122/80 — 150/70 152/80 — 6 End to end anastomosis 3 
7 10 M 90 110/70 114/80 — 132/86 138/90 —- 7 End to end anastomosis 3 ay 
8 10 F 100 110/60 100/50 10 150/80 130/80 20 7 Patch aortoplasty 3 $ 
9 10 M 100 96/50 98/70 — 128/70 98/70 30 5 End to end anastomosis 5 T 
10 12 M 100 110/60 96/60 16 160/60 128/60 32 10 End to end anastomosis 2 
11 7 F 90 110/60 100/60 10 140/70 120/70 20 4 End to end anastomosis 3 e 
12 11 M 100 118/80 80/? 38 160/100 100/85 60 NA None A 
12 M 110 112/68 110/68 2 166/50 142/60 22 11 End to end anastomosis 9 7 
13 15 M 92 110/84 116/88 — 166/80 140/80 26 6 End to end anastomosis 9 F 
14 12 M 100 110/60 104/80 6 154/70 130/80 24 None 4 
15 34 M 100 130/80 88/60 42 180/50 90/96 90 m—^ None 
. 16 15 M 100 110/84 116/88 — 166/80 140/80 26 5 End to end anastomosis 10 AN 
* Bruce protocol. ; 
. G = net systolic pressure gradient between the right arm and the right leg; NA = not available. ps 
i 
TABLE Il timate the aortic pressure gradient. The use of an automated _ 
Blood Pressure Before and After Exercise in Three Patients system for the simultaneous measurement of arm and leg — 
With No Previous Surgery blood pressures would be an ideal solution to eliminate this - 
potential source of error; however, the equipment now avail- 
Blood Pressure Blood Pressure able is expensive and of questionable reliability in the agitated — 
Case Before Exercise (mm Hg) After Exercise (mm Hg) child. 1 
no. Arm Leg G Arm Leg G Th ; A 
20058 TTA au MM s INCIPIUNT ciui NE PU a_i e measurement of a poststress pressure gradient of more 


by usual clinical criteria to have had a satisfactory repair of — 
coarctation of the aorta (Case 8) and because it was the lowest - 


prestress gradient measured in a patient with coarctation who 
had not undergone repair (Case 12). 


Results 
Arm to leg blood pressure gradient after exer- 


cise: Data from all patients are summarized in Table M 


I. Arm blood pressures before stress ranged from 96/50 — 


to 140/60 mm Hg in patients who had had surgery and 
from 110/60 to 130/80 mm Hg in patients not operated 
on. Gradients at rest were from 0 to 20 mm Hg in sur- 
gically treated patients and from 6 to 42 mm Hg in pa- 
tients not operated on. Poststress arm blood pressures 
ranged from 128/70 to 240/80 mm Hg in surgically 
treated patients and from 154/70 to 180/50 in patients 


not operated on. Corresponding poststress gradients - 


were from 0 to 135 mm Hg in surgically treated patients 
and from 24 to 90 mm Hg in patients without sur- 
gery. 
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With the criterion of a postexercise arm to leg systolic 3 | 
blood pressure gradient of more than 35 mm Hg to in- - 
dicate the presence of a significant residual coarctation, - 
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TABLE Ill 
Blood Pressure Before and After Exercise in Three Patients, Two With Prior Surgery 
Age at 
Case Previous Surgery 
no. Surgery (yr) Arm 
1 End to end anastomosis 4 115/60 
End to end anastomosis 13 118/78 
2 End to end anastomosis 3 120/80 
Patch aortoplasty 24 120/80 
12 None NA 118/80 
End to end anastomosis 11 112/68 
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exercise BP (mm ig) a 


Leg Leg 

95/60 20 220/95 95/60 130 

98/70 20 240/80 140/80 100 
100/80 20 220/80 100/? 120 
120/80 0 170/80 160/80 10 

80/? 38 160/100 100/85 60 
110/68 2 166/50 142/60 22 
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BP = blood pressure; G = systolic pressure gradient between the arm and the leg; NA = not available. 


2 of the 13 patients (15 percent) who had had a previous 
repair were found to have significant residual obstruc- 
tion. One of these two patients was found to have an 
inadequate second repair. Eleven of the 13 patients (85 
percent) were found to have had an adequate repair. 
One of three patients with clinical diagnosis of coarc- 
tation (without prior surgery) was found to have an in- 
significant arm to leg pressure gradient after exercise 
(24 mm Hg) (Table II). 

Pre- and postoperative pressure gradients: The 
three patients (Cases 1, 2 and 12) who underwent 
treadmill testing both before and after attempted repair 
of coarctation (Table III) are of particular interest: 





FIGURE 1. Case 1. Aortogram showing site of persistent coarctation 
of the aorta and a pseudoaneurysm of the aorta. 


Case I: This 13 year old boy had an end to end coarctation 
repair at age 4 years. He was asymptomatic. On physical ex- 
amination he was normotensive, had an arm to leg pressure 
gradient of 20 mm Hg at rest, and a short systolic murmur 
heard in the interscapular area. His chest X-ray film showed 
minimal rib notching. After stress on the treadmill the arm 
blood pressure increased to 220/95 mm Hg and the arm to leg 
systolic pressure gradient widened to 135 mm Hg. Cardiac 
catheterization was performed and the angiograms showed 
severe residual coarctation and an unsuspected pseu- 
doaneurysm at the site of previous repair (Fig. 1). At reoper- 
ation the aneurysm was resected and another end to end 
anastomosis performed. On reevaluation at age 16, the patient 
remained normotensive at rest with a pressure gradient of 20 
mm Hg. However, the exercise test indicated inadequate 
surgical repair on the basis of a postexercise arm blood pres- 





FIGURE 2. Case 1. Postoperative chest X-ray film after resection of 
the aneurysm and an end to end anastomosis of the aorta. Note the 
small broken arrow demonstrating the ''3" sign that suggests a site 
of persistent obstruction is still present. 
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sure of 224/80 mm Hg and an arm to leg pressure gradient of 
100 mm Hg. The patient’s chest X-ray film (Fig. 2) shows a 
“3” sign, additional evidence for persistence coarctation. He 
is scheduled for another catheterization. 


Case 2: This 24 year old white woman had had an end to end 
coarctation repair at age 3 years. She complained of severe 
headaches that would develop after her daily jog of 3 to 4 
miles. On physical examination her arm blood pressure at rest 
was 120/80 mm Hg and the arm to leg pressure gradient was 
20 mm Hg. An ejection click was heard and she had a grade 3/6 
ejection murmur in the interscapular area. The chest X-ray 
film was normal after she exercised to stage V of the Bruce 
protocol, the arm blood pressure increased to 220/80 mm Hg 
and the arm to leg pressure gradient increased to 120 mm Hg. 
An aortogram (Fig. 3) showed an “hour glass” aortic deformity 
at the area of previous repair. A synthetic patch aortoplasty 
was done across the site of previous repair. One year later the 
patient was asymptomatic. The resting arm blood pressure 
was 120/80 mm Hg and no arm to leg gradient could be dem- 
onstrated. After exercise the arm blood pressure increased to 
170/80 mm Hg, but the arm to leg pressure gradient increased 
only to 10 mm Hg. We consider that she has had an excellent 
surgical result. 


Case 12: This 11 year old boy had a typical aortic coarcta- 
tion at the level of the ligamentum arteriosum. A preoperative 
arm to leg pressure gradient of 38 mm Hg was measured at 
rest, and this increased to 60 mm Hg after stress testing. After 
end to end aortic repair the arm to leg gradient was 2 mm Hg 
at rest and increased to 22 mm Hg after exercise. The diastolic 
hypertension that the boy had had after exercise before the 
operation is now gone. We believe that he also has had a sat- 
isfactory repair. 


Discussion 


Factors determining arterial flow and resistance 
in coarctation: Pressure in an artery is related to the 
flow through the artery and the resistance to flow by the 
relation P = Q - R, where P = pressure, Q = flow and R 
= resistance to flow. In evaluating patients with coarc- 
tation, we are concerned with the contribution of aortic 
resistance at the level of coarctation to the total pe- 
ripheral resistance and its effect on (1) the intraarterial 
pressure proximal and distal to the coarctation, and (2) 
the flow across the coarctation. 

In the absence of abnormal arterial narrowing, total 
peripheral resistance can decrease depending on the 
number of channels that are available for “runoff” at 
the level of the microcirculation. During exercise several 
things happen. Cardiac output increases because heart 
rate and stroke volume increase. The demand for oxy- 
gen in peripheral muscle beds increases. This leads to 
the relaxation of precapillary arteriolar sphincters, the 
availability of more.“runoff” channels for flow and, thus, 
to a decrease in resistance. The extent to which resis- 
tance can decrease is limited by the “runoff” and by the 
contribution of total resistance of the wall from the large 
arteries. The resistance to flow in an artery (Ra) is re- 
lated to the intraluminal radius of that artery, and it 
increases to the fourth power. (The Poiseuille-Hagan 
formula describes resistance to flow in a long narrow 
tube and states that RA = 8nl/zr^*, where R = resis- 
tance, n = viscosity of blood, | = length of artery and 
r = radius of the artery.) Thus it can be seen that as the 
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FIGURE 3. Case 2. Aortogram demonstrating persistent obstruction 
at the site of a previously repaired coarctation. Also note the poor 
collateral circulation, which possibly accounts for the patient's marked 
hypertension during jogging. 


arterial radius decreases (as in coarctation), there is a 
limit to the amount resistance can decrease because this 
resistance is “fixed” by the radius of the coarctation. 
There is a limit to the amount of flow that can cross the 
fixed resistance before pressure proximal to that ob- 
struction increases. Resistance to flow is low distal to 
the coarctation but, because flow is limited by the ab- 
normally high resistance at the coarctation, arterial 
pressure in the artery beyond the obstruction is also 
low. 


Effect of exercise on residual coarctation: The 
treadmill test, by increasing cardiac output and de- 
creasing the peripheral contribution, effectively “un- 
masks" an abnormal fixed resistance at the level of 
coarctation or previous coarctation repair. The same 
could be achieved by the administration of drugs that 
increase cardiac output or decrease peripheral vascular 
resistance, or both, but the treadmill test has the two 
advantages of avoiding the need for administering drugs 
and of more faithfully reproducing what happens to 
these patients with coarctation in the course of their day 
to day lives. The net effect in the patient with significant 
obstruction is (1) an increase in the systolic blood 
pressure in the arm, (2) a fixed blood pressure in the 
legs, and (3) a net widening of the systolic pressure 
gradient between the arm and the leg. 

I believe that it is of particular significance that of 16 
postoperative patients evaluated with treadmill testing, 
2 (15 percent) previously believed to have had satis- 
factory surgical repair were found to have significant 
residual obstruction. In addition, one of these patients 
was found on restudy to have a potentially lethal sur- 
gical complication, a pseudoaneurysm that would not 
have been discovered had the treadmill evaluation not 
led to his recatheterization. 

Clinical implications: On the basis of this experi- 
ence we now believe that any patient with surgically 
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repaired coarctation with an arm to leg systolic blood 


I = pressure gradient of more than 35 mm Hg after exercise 
| . testing should be recatheterized and, if it is indicated 


by that study, be considered for reoperation. On the 
other hand, occasionally a patient will present who has 
some findings of coarctation but a gradient of less than 
35 mm Hg on exercise. In our Case 12 an arm to leg 
pressure gradient of under 24 mm Hg was evident, and 
we have elected to follow up this boy with repeated 
treadmill evaluations to determine if the coarctation 





worsens with growth. If so, we will carry out catheter- 
ization and surgery as indicated. 
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PENCIL POINT PERCUTANEOUS. ~ 
First disposable pencil point needle 
available. Identical to UMI Modified — 
Disposable Seldinger needles, ex- - 
cept cutting stylette has pencil 
point tip. Two point lengths avail- — 


SELDINGER WITH HOLLOW STY- 
LETTE. Identical to UMI Disposable 
Modified Seldinger needles, except 
cutting stylette is hollow for im- 
mediate bleed-back recognition. 
Precludes need for transfixing the 


PU ^ 






ery in femoral punctures. In adult sizes, 16 and able, 2 and 4 mm tapers. Comes with blunt obturator. a 

TW; and pediatric size, 20 TW. Comes with blunt & 

urator. E 
E. | 


ONE-WALL PUNCTURE. Sharpened — 
cannula with medium bevel, plastic — . 
luer hub, for one-wall punctures. | 

Available in various lengths and ` 
gauges from 16 to 21 TW. 


PEDIATRIC SELDINGER. Identical 4. 
to UMI Disposable Modified Adult 
Seldinger needles, except shorter, 
and in smaller gauges. "Stick-out" 
is within 1 mm from heel of bevel 
to end of cannula. Extremely sharp | 
ationally-ground point. Widest range of sizes now E 
1llable — 20 and 21 TW; 142” to 234” lengths. Comes d 
h blunt obturator. «4 
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EASE CALL OR WRITE TODAY [7——-—————-—- rr cres E 
IR DETAILS... UNIVERSAL MEDICAL INSTRUMENT CORP. 


| 
» New Product Bulletin ep 9. Box 100, Ballston Spa, N.Y. 12020 | x 
© Current Catalog & Prices [] Send me your Catalog and Prices... and New Product Bulletin 


e Needles made to your specifications on 4 new disposable needles. 
"unl XE [1] Send me information on custom-made needles. | enclose 


specifications on a separate sheet. 
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Hospital |. LL a 
Department. —  — — ————— 


Hospital Street Address —— — — ————— —— — — — ——— —— ——— 
City State Zip 
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ffective control in (mild to moderate) hypertension 
sually with just 2 or 3 tablets daily. 

Low incidence of depression, and orthostatic 
ypotension. * 

The most common side effects are dry mouth, 
Irowsiness, and sedation, which generally tend to dim- 
ish with time. As with other antihypertensives contain- 
1g diuretic agents, hypokalemia, hyperuricemia, and 
iyperglycemia may occur. Drowsiness and sedation 
nay be alleviated by giving the larger portion of the 
livided dose at bectime.?:? 

Convenient morning and bedtime dosage 
icheduling. 


Each tablet contains. Catapres* (clonidine HCI) 
0.1 or 0.2 mg. and chlorthalidone. 15 mg 


HYPERTENSION 


Combipres is not indicated for initial therapy. It is for patients ie- 
sponsive to its components given separately in equivalent dosages. 
Please see brief summary of the prescribing information on the last 
page of this ad for warnings, precautions, and adverse reactions. 
*Orthostatic hypotension has been reported with chlorthalidone and 
may be potentiated when chlorthalidone is combined with alcohol, 
barbiturates, or narcotics. 
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Combipres 42 


Each tablet contains: Catapres" (clonidine HC I) 
0.1 or 0.2 mg. and chlorthalidone, 15 mg 


Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination rep- 


resents the dosage so determined, its use 
may be more convenient in patient manage- 
ment. The treatment of hypertension is not 
static, but must be reevaluated as conditions 
in each patient warrant. 


Indication: The drug is indicated in the treatment 
of hypertension (see box warning). 
Contraindications: Patients with known hyper- 
sensitivity to chlorthalidone and patients with se- 
vere renal or hepatic diseases. 

Warnings: Tolerance may develop in some in- 
stances necessitating a reevaluation of therapy. 
Usage in Pregnancy: In view of embryotoxicity 
findings in animals, and since information on pos- 
sible adverse effects in pregnant women is limited 
to uncontrolled clinical data, tne drug is not rec- 
ommended in women who are or may become 
pregnant uniess the potential benefit outweighs 
the potential risk to mother and fetus. 

Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children. 
Precautions: When discontinuing Combipres, re- 
duce the dose gradually.over 2 to 4 days to avoid 
a possible rapid rise in blood pressure and as- 
sociated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without con- 
sulting their physician. Rare irstances of hyper- 
tensive encephalopathy and death have been re- 
corded after cessation of clonidine hydrochloride 
therapy. A causal relationship has not been estab- 
lished in these cases. It has been demonstrated 
that an excessive rise in blood pressure, should it 
occur, can be reversed by resumption of Com- 
bipres therapy or by intravenous phentolamine. 
Patients who engage in potent ally hazardous ac- 
tivities, such as operating machinery or dnving. 
should be advised of the sedative effect of the 
clonidine hydrochloride component.This drug may 
enhance the CNS-depressive effects of alcohol. 
barbiturates and other sedatives. Like any other 
antihypertensive agent, Combipres should be 
used with caution in patients with severe coronary 
insufficiency, recent myocardial infarction, cere- 
brovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for some 
dryness of the eyes. no drug-related abnormal 
ophthalmological findings have seen recorded 
with Catapres, in several studies the drug pro- 
duced a dose-dependent increase in the incidence 
and severity of spontaneously occurring retinal 
degeneration in albino rats treated for 6 months or 
longer. 

Patients predisposed toward or affected by dia- 
betes should be tested periodically while receiving 
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Combipres, because of the hyperglycemic effect 
of chlorthalidone. 

Because of the possibility of progression of renal 
failure, periodic determination of the BUN is indi- 
cated. If, in the physician's opinion, a rising BUN 
is significant, the drug should be stopped. 

The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. Mus- 
cular weakness, muscle cramps, anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to detec 
tion of hypokalemia in patients receiving adrenal 
corticosteroids, ACTH or digitalis. Hypochloremic 
alkalosis often precedes other evidence of severe 
potassium deficiency. Frequently, therefore, more 
sensitive indicators than the potassium serum 
level are the serum bicarbonate and chloride con- 
centrations. Also indicative of potassium depletion 
can be electrocardiographic alterations such as 
changes in conduction time, reduction in 
amplitude of the T wave: ST segment depression: 
prominent U wave. These abnormalities may ap- 
pear with potassium depletion before the serum 
level of potassium decreases. To lessen the pos- 
sibility of potassium deficiency, the diet, in addition 
to meat and vegetables, should include 
potassium-rich foods such as citrus fruits and 
bananas. If significant potassium depletion should 
occur during therapy. oral potassium supplements 
in the form of potassium chloride (3 to 4.5 gm 
day). fruit juice and bananas should be given. 


Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to di- 
minish with continued therapy. 

Clonidine hydrochioride. Anorexia, malaise, 
nausea, vomiting, parotid pain, mild transient ab- 
normalities in liver function tests; one case of 
possible drug-induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine hy- 
drochloride. Weight gain. transient elevation of 
blood glucose, or serum creatine phosphokinase; 
congestive heart failure, Raynaud's phenomenon; 
vivid dreams or nightmares, insomnia, other be- 
havioral changes, nervousness, restlessness, anx- 
iety and mental depression. Also rash, angio- 
neurotic edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash; impo- 
tence. urinary retention; increased sensitivity to 
alcohol, dryness, itching or burning of the eyes, 
dryness of the nasal mucosa. pallor, gynecomas- 
tia, weakly positive Coombs’ test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 
Chlorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia, constipation and cramping, 
weakness, dizziness, transient myopia and rest- 
lessness are occasionally observed. Headache 
and impotence or dysuria may occur rarely. Or- 
thostatic hypotension has been reported and may 
be potentiated when chlorthalidone is combined 
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with alcohol, barbiturates or narcotics. Skin 
rashes, urticaria and purpura have been reporter 
in a few instances. 

A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop inco! 
sistently. This condition, usually reversible on dis 
continuation of therapy. responds to control with 
antidiabetic treatment. Diabetics and those pre- 
disposed should be checked regularly. 

As with other diuretic agents hypekalemia may 
occur (see Precautions). Hyperuricemia may be 
observed on occasion and acute attacks of gout 
have been precipitated. In cases where prolonge 
and significant elevation of blood uric acid con- 
centration is considered potentially deleterious, 
concomitant use of a uricosuric agent is effective 
in reversing hyperuricemia without loss of diureti 
and/or antihypertensive activity. 

Idiosyncratic drug reactions such as aplastic 
anemia, thrombocytopenia, leukopenia, agranulc 
cytosis, and necrotizing angiitis have occurred, 
but are rare 

The remote possibility of pancreatitis should be 
considered when epigastric pain or unexplained 
gastrointestina: symptoms develop after prolonge 
administration. 

Other adverse reactions which have been re- 
ported with this general class of compounds in- 
clude: jaundice. xanthopsia, paresthesia and 
photosensitization. 

Overdosage: Catapres (clonidine mydrochloride 
Profound hypotension, weakness, somnolence, 
diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres by 
several children from 19 months to 5 years of 
age. Gastric lavage and administration of an 
analeptic and vesopressor led to complete recov 
ery within 24 hours. Tolazoline in intravenous 
doses of 10 mg at 30-minute intervais abolishes 
all effects of Catapres overdosage. 
Chlorthalidone: Symptoms of overdosage includi 
nausea, weakness, dizziness, and disturbances | 
electrolyte balance. There is no specific antidote. 
but gastric lavage is recommended, ‘ollowed by 
suppcrtive treatment. Where necessary, this may 
include intravenous dextrose and saline with 
potassium administered with caution 

How Supplied: Combipres* 0.1 (Each tablet cor 
tains clonidine hydrochloride 0.1 mg + chlor- 
thalidone 15 mg). It is available as pimk, oval, 
single-scored compressed tablets in bottles of 
100. 

Combipres* 0.2 (Each tablet contains clonidine 
hydrochloride 0.2 mg + chlorthalidone 15 mg). It 
Is available as blue, oval, single-scored com- 
pressed tablets in bottles of 100. 

For complete details, please see full prescribing 
information. 


References: 

1. Data on file at Boehringer Ingelheim Ltd. 
2. Pettinger WA: NEJM, 293:1179, 1975. 
3. Katz FH: Hosp Med, 13:34, 1977. 
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Tektronix delivers three bright 
waveforms — two independent 
pressures and ECG — plus 4 digital 
readouts and hard copy in a monitor- 
ing station weighing only 20 Ibs. with 
battery pack. Simultaneous, at-a- 
glance viewing of all monitored vital 
signs means the user doesn't have 
to manually switch channels or 
“tune-out” one parameter to view 
another. The result: increased user 
convenience and patient safety. 


Four digital readouts provide 
heart rate, temperature, either sys- 
tolic, diastolic, or mean arterial/ 
venous pressure, and either 
systolic/diastolic arterial pressure in 
an alternating, flashing format or 
mean pressure. 

Hard copy printouts of all digital 
parameters are provided by the 400 
Series Recorder, as well as elapsed 
time and selectable waveform. 

Find out now how Tektronix can 





provide you with the monitoring in- 
formation you need — easily and 
accurately. Call Today Toll Free: 
(800) 547-4804. Or write: 

Tektronix, Inc., RO. Box 500, 
Beaverton, Oregon 97077. 


Tektronix 


COMMITTED TO EXCELLENCE 


Efficacy thoroughly proved and documented— No other antiarrhythmic 
subjected to such rigidly controlled study prior to introduction. 


Effective in specific ventricular arrhythmias—Indicated in premature 
ventricular contractions (PVCs): unifocal, multifocal or paired PVCs 
or episodes of ventricular tachycardia (VT). 


Excellent patient tolerance—!n an 
analysis of the side effects in the entire 
study population of the Norpace/ quinidine 
comparative trial, only 8.196 of the 62 
patients on Norpace dropped out 
because of side effects compared with 
35.5% of the 62 patients on quinidine. 
The side effects experienced by 
Norpace patients were mild, transient 
and mainly anticholinergic and 
included dry mouth, urinary hesitancy, 
constipation and blurred vision. 


Multifocal Ventricular 
PVCs tachycardia 


Dose-related plasma levels—Plasma levels correlate 
closely with dosage. 


Norpace (disopyramide phosphate) effect on hemodynamics— 
Rarely alters blood pressure significantly at recommended 
doses. May reduce cardiac output by about 1095. 


Before prescribing Norpace (disopyramide phosphate), please consult In patients with marginally compensated heart failure or with a history « 
current complete prescribing information, a summary of which follows: heart failure, Norpace may worsen cardiac decompensation. Norpace 
Indications: Norpace is indicated for suppression and prevention of recur- dosage should be reduced or discontinued if adequate control of conges- 
rence of the following cardiac arrhythmias when they occur singly or in tive failure is not attained with appropriate treatment. Patients receiving 
combination: unifocal premature (ectopic) ventricular contractions; pre- concomitant therapy with more than one antiarrhythmic drug must be 
mature (ectopic) ventricular contractions of multifocal origin; paired carefully monitored for serious negative inotropic effects or excessively 
premature ventricular contractions (couplets); and episodes of ventricular prolonged conduction, evidenced by widening of the QRS complex and/o 
tachycardia (persistent ventricular tachycardia is ordinarily treated with prolongation of the Q-T irterval. 
D.C. cardioversion). If first-degree heart block develops, the dosage of Norpace should be 

Norpace is equally effective in treating the above arrhythmias in both reduced. If the block persists, continuation of Norpace must depend upon 
digitalized and nondigitalized patients. It is also equally effective in treating an assessment of the benefit versus the risk. Development of second- or 
primary cardiac arrhythmias and those which occur in association with third-degree AV block or uni-, bi- or trifascicular block requires discon- 
organic heart disease including coronary artery disease. Oral Norpace has tinuation of Norpace, unless the ventricular rate is adequately controlled 
not been adequately studied in patients with acute myocardial infarction or by a pacemaker. 
in patients with persistent vertricular tachycardia or atrial arrhythmias and Because of its anticholinergic properties, Norpace should not be used 
is not indicated for arrhythmias due to digitalis intoxication. The value of in patients with glaucoma, myasthenia gravis or urinary retention, unless 
antiarrhythmic drugs in preventing sudden death in patients with serious adequate overriding measures are taken. 
ventricular ectopic activity has not been established. Precautions: If significant widening (greater than 25%) of the QRS 
Contraindications: Cardiogenic shock, preexisting second- or third-degree complex occurs, Norpace should be discontinued. If Q-T prolongation 
AV block (if no pacemaker open or known hypersensitivity to the drug. greater than 25% occurs and if ectopy continues, monitor closely and 

: Severe hypoten has been observed primarily in patients consider discontinuing Norpace. 
mary cardiomyopathy or inadequately compensated congestive Patients with atrial flutter or fibrillation should be digitalized prior to 
heart failure. If hypotension develops Norpace should be discontinued Norpace administration to ensure that drug-induced enhancement of AV 
promptly unless on is due to the arrhythmia. conduction does not allow a ventricular rate beyond physiologically 
should not be used in the presence of poorly compensated acceptable limits. 

or uncompensated con heart failure unless it is exacerbated by or The effect of Norpace is presently uncertain in patients with sick sinus 
caused by an arrhythmia and proper treatment including optimal syndrome, Wolff-Parkinscn-White syndrome, or bundle branch block. 
digitalization has been accomplished. 





(disopyramide phosphate) 


as effective as quinidine sulfate...with a 
lower incidence of severe side effects 


Dosage and administration—Supplied as 100-mg and 150-mg capsules. Dosage should be 
individualized based on response and tolerance. Usual adult dosage is 400 to 800 mg per 
day given in divided doses four times daily. 


Initial Norpace dosage 
Patients 110 Ib or more 
Patients less than 110 Ib 
















(Ccr < 40 ml/min) 










In patients without the complic 


under 110 Ib). 


brief summary of which appears below. 


Patients with myocarditis or other cardiomyopathy may develop signifi- 
cant hypotension in response to the usual dosage of Norpace. 

Norpace dosage should be reduced in patients with impaired renal or 
hepatic function and the electrocardiogram carefully monitored for signs 
of overdosage. 

Antiarrhythmic drugs may be ineffective in patients with hypokalemia. 
Therefore, any potassium deficit should be corrected before instituting 
Norpace therapy. Use in Pregnancy and Lactation: Safe use in pregnancy 
has not been established. Norpace has been reported to stimulate contrac- 
tions of the pregnant uterus. The use of Norpace in pregnant women 
are that the potential benefit be weighed against possible hazards to 

e fetus. 

It is not known whether disopyramide is excreted in human milk. How- 
ever, studies in rats have shown that the concentration of disopyramide 
and its metabolites is up to three times greater in milk than in plasma. If 
use of the drug is deemed essential, an alternate method of infant feeding 
should be instituted. 

Labor and Delivery: The effects of Norpace on the fetus during delivery or 
on the course of labor and delivery are unknown. 

Pediatrics: The safety and effectiveness of Norpace in children have not 
been established. 

Adverse Reactions: Anticholinergic: dry mouth, urinary hesitancy, consti- 
pation, blurred vision, dry nose/eyes/throat, urinary retention. Genito- 
urinary: urinary frequency and urgency. Gastrointestinal: nausea, pain/ 


bloating/gas, anorexia, diarrhea, vomiting. General: nervousness, dizziness, 


general fatigue/muscle weakness, headache, malaise. Cardiovascular: 
hypotension, congestive heart failure, cardiac conduction disturbances, 


Patients with specific complications: 
Patients with possible cardiac decompensation, 
cardiomyopathy, reduced left ventricular function or 
hypotension due to these or other causes 


Patients with moderate renal impairment 
(Ccr > 40 ml/min) or hepatic insufficiency 


Patients with severe renal insufficiency 


Cor = 40-15 ml/min qi0h 
Cor = 15- 5ml/min q 20h 
Cc. = 5- 1ml/min q30h 


ations specified above in whom rapid control of arrhythmias 
is essential, therapy may be initiated with a loading dose of 300 mg (200 mg for patients 


For complete Norpace dosage recommendations, please see complete prescribing information, a 









150mgq6h 
100mgq6h 





100 mg q6h 












100 mg q6h 
(200-mg loading dose optional) 


100 mg given approximately 
every half-life (T12) (200-mg 
loading dose optional) 





edema/weight gain, shortness of breath, syncope, chest pain, Dermatologic: 


generalized rash/dermatoses. The following have occurred, but a causal 
relationship is uncertain: impotence, depression, insomnia, hypoglycemia, 
(usually in patients with impaired liver function), and dysuria. Acute 
psychosis and cholestatic jaundice, both reversible, have been reported. 
Dosage and Administration: Dosage must be individualized for each 
patient on the basis of response and tolerance. The usual adult dosage is 
400 to 800 mg per day given in divided doses four times daily. The recom- 
mended dosage schedule for most adults is 150 mg every six hours. For 
patients weighing less than 110 pounds (50 kg) the recommended dosage 
is 100 mg every six hours. 

If rapid control of arrhythmia is essential, an initial loading dose of 300 
mg of Norpace (200 mg for patients weighing less than 110 pounds) is 
recommended. For patients with cardiomyopathy or possible cardiac 
decompensation, a loading dose should not be given and the initial dose 
limited to 100 mg every six hours, with subsequent dosage adjustments 
made gradually under close monitoring. 

See current complete prescribing information for dosage recom- 
mendations. 

How Supplied: Capsules containing 100 mg or 150 mg of disopyramide 
base. Available in bottles of 100 capsules. 


us Searle Laboratories 
SEARLE | Division of Searle Pharmaceuticals Inc. 
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Our long-term ECG 
reports are delivered 
nationwide every day, 
seven days a week, 
thousands per month. 








And fora good reason. 


Accuracy. 

We honesily believe that no other company- 
whether offering equipment, reports, or both — 
can deliver as accurate a long-term ECG (Holter 
report. Enough physicians have recognized this 
to make us —in six short years- the largest re- 
porting service in the country. We've done it with 
advanced equipment, dedicated people, and 
propnetary techniques. 

Quality control starts with the crystal con- 
trolled timing track on our uniquely accurate FM 
two-lead recorder. It ends with a review of every 
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sport by a CCU-trained nurse. 

In between is our largest contribution to 
ccuracy in long-term ECG reporting - the Stein/ 
'eterson'" examination of data in stationary 
lisplay. Not a fleeting automated technique, but 
ı sequence of fixed, two-minute ECG segments 
f the entire 24-hour recording, studied by trained 
sxaminers. The pace is set by the examiner, not 
he computer. We believe people are better than 
somputers at defining significant waveforms. 

And we regularly examine our examiner's 
serformance. We regularly examine our re- 





corders performance. We regularly examine our - 
whole operation, looking for ways to improve it, 
for which we have a full time staff of medically 
trained professionals, computer engineers and 
customer relations people ... over 110 at this tme. 
So delivering to you an accurate long-term 
ECG report is the result of many people com- 
mited to quality. And we deliver coast to coast, 
to many cities within 24 hours. Call us toll free 
and get the rest of the story: 800-225-9180. Or 
write for complete information and a sample 
report: 1371 Beacon Street, Brookline, Mass. 02146 
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Making a long-term commitment to long-term recording. 
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his psychic tension 


Although he may grumble, the 
anxious hypertensive patient 
usually learns to live with all the 
“do's and don'ts” that his hyper- 
tension makes necessary. How- 
ever, when it comes to his ex- 
cessive psychic tension, some- 
times he finds that he can 
neither cope with it nor control 
it. Despite his best efforts to 
"stay calm" —and your reassur- 
ance and counseling—he re- 
mains tense, apprehensive, irri- 
table and hypersensitive. 

In such cases, you'll want to 
consider specific antianxiety 
medication. That's where Valium 
(diazepam) comes in. Valium is 
one of the most effective and 
dependable calming agents 
available. It works promptly 
—with initial calming 
in hours and more 
sustained, decisive 
symptomatic relief in 
days. And, the distinc- 






ALIUM, 


(diazepam) ~ 


tive anxiety-allaying response 
that Valium produces is one that 
you know, want and trust. 


Valium can, of course, be used 
with most classes of primary 
medications such as cardiac 
glycosides, diuretics, vaso- 
dilators and antihypertensives. 
Equally important: oral Valium is 
usually well tolerated. Though 
drowsiness, ataxia and fatigue 
are encountered with some pa- 
tients, these and more serious 
side effects are rarely a prob- 
lem. Patients should be cau- 
tioned against the simultaneous 
drinking of alcohol, and should 
be encouraged to adhere 
to the prescribed dosage 
regimen or discuss any needed 
adjustment with you. 
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2-mg, 5-mg, 1O-mg scored tablets 


can relieve the hypertensive 
patient’s psychic tension 





Before prescribing, please see following page for a summary of product information. 
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Before prescribing, please consult complete product 


. information, a summary of which follows: 


Indications: Tension and anxiety states; somatic com- 
plaints which are concomitants of emotional factors; 
psychoneurotic states manifested by tension, anxiety, 
apprehension, fatigue, depressive symptoms or agita- 
tion; symptomatic relief cf acute agitation, tremor, de- 
lirium tremens and hallucinosis due to acute alcohol 
withdrawal; adjunctively in skeletal muscle spasm due 
to reflex spasm to local pathology: spasticity caused by 
upper motor neuron disorders; athetosis; stiff-man 
syndrome; convulsive disorders (not for sole therapy). 


The effectiveness of Valium (diazepam) in long-term 
use, that is, more than 4 months, has not been as- 
sessed by systematic clinical studies. The physician 
should periodically reassess the usefulness of the drug 
for the individual patient 

Contraindicated: Known hypersensitivity to the drug. 
Children under 6 months of age. Acute narrow angle 
glaucoma; may be used in patients with open angle 
glaucoma who are receiving appropriate therapy. 
Warnings: Not of value in psychotic patients. Caution 
against hazardous occupations requiring complete 
mental alertness. When used adjunctively in convul- 
sive disorders, possibility of increase in frequency 
and/or severity cf grand mal seizures may require in- 
creased dosage of standard anticonvulsant medica- 
tion; abrupt withdrawal may be associated with tempo- 
rary increase in frequency and/or severity of seizures. 
Advise against simultaneous ingestion of alcohol and 
other CNS depressants. Withdrawal symptoms (similar 
to those with barbiturates and alcohol) have occurred 
following abrupt discontinuance (convulsions, tremor, 
abdominal and muscle cramps, vomiting and sweat- 
ing). Keep addiction-prone individuals under careful 
surveillance because of their predisposition to habitua- 


tion and depencence. 


Usage in Pregnancy: Use of minor tranquiliz- 
ers during first trimester should almost al- 
ways be avoided because of increased risk of 
congenital malformations as suggested in 
several studies. Consider possibility of preg- 
nancy when instituting therapy; advise pa- 
tients to discuss therapy if they intend to or 

. do become pregnant. 


Precautions: If combined with other psychotropics or 
anticonvulsants, consider carefully pharmacology of 
agents employed; drugs such as phenothiazines, enar- 
cotics, barbiturates, MAO inhibitors and other antide- 
pressants may potentiate its action. Usual precautions 
indicated in patients severely depressed, or with latent 
depression, or with suicidal tendencies. Observe usual 
precautions in impaired renal or hepatic function. Limit 
dosage to smallest effective amount in elderly and de- 
bilitated to preclude ataxia or oversecation. 

Side Effects: Drowsiness, confusion, diplopia, 
hypotension, changes in libido, nausea, fatigue, de- 
pression, dysarthria, jaundice, skin rash, ataxia, con- 
stipation, headache, incontinence, changes in saliva- 
tion, slurred speech, tremor, vertigo, urinary retention, 
blurred vision. Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucinations, increased 
muscle spasticity, insomnia, rage, sleep disturbances, 
Stimulation have been reported; should these occur, 
discontinue drug. Isolated reports of neutropenia, 
jaundice; periodic blood counts and liver function tests 


~ advisable during long-térm therapy. 


Dosage: Individualize for maximum beneficial effect. 
Adults: Tension, anxiety and psychoneurotic states, 2 
to 10 mg b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. or 


q.i.d. in first 24 hours, then 5 mg t.i.d. or q.i.d. as 


needed; adjunctively in skeletal muscle spasm, 2 to 10 
mg t.i.d. or q.i.d.; adjunctively i in convulsive disorders, 
2 to 10 mg b.i.d. to q.i.c. Geriatric or debilitated pa- 
tients: 2 to 2¥2 mg, 1 or 2 times daily initially, increas- 
ing as needed and tolerated. (See Precautions.) Chil- 
dren: 1to 2¥2 mg t.i.d. or q.i.d. initially, increasing as 
needed and tolerated (not for use under 6 months). 
Supplied: Valium* (diazepam) Tablets, 2 mg, 5 mg 


.. and 10 mg—bottles of 100 and 500; Tel-E-Dose* 


packages of 100, available in trays of 4 reverse- 
numbered boxes of 25, and in boxes containing 10 
strips of 10; Prescription Paks of 50, available singly 
and in trays of 10. 


N Roche Laboratories - 
> 5 Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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Would you prescribe 
a drug that hasnt been 
clinically proven? 





Of course not. 


How about an 
anti-embolism stocking? 





If the stocking youre 
using doesnt have this 
symbol 


M 


its not a TE.D Stocking 


an 
its not clinically proven. 
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Contraindications: 

Stockings may not be recommended for patients with the following: 

1. Any local leg condition in which stockings would interfere, such as: 

a. dermatitis, 

b. vein ligation (immediate post-operative), 
c. gangrene, 

d. recent skin graft. 

2. Severe arteriosclerosis or other ischemic vascular disease. 

3. Massive edema of legs or pulmonary edema from congestive heart failure. 

4. Extreme deformity of leg. 

5. For thigh length, patients with a circumference greater than 25 inches (63.5cm) 
at the gluteal furrow. For full leg (X-S, S, M, L), patients with a circumference of 25 
inches (63.5cm) or greater at the gluteal furrow. For full leg (X-L), patients with a 
circumference of greater than 32 inches (81.3cm) at the gluteal furrow. 


Precautions: 
1, Proper sizing and application must be assured. 


2. For full leg style TE.D.® Stockings, avoid interference of side panels or waistband 
with incisions, drainage tubes, catheters or other exterior devices. 


Warnings: 


Caution: Federal (U.S.A.) Law restricts this device to sale by or on the order of a 
physician. 


Footnotes: 


1. Holford, C.P, “Graded Compression for Preventing Deep Venous Thrombosis.” 
British Medical Journal, 2: 969-970, 1976. 

2. Scurr, J.H. et al., “The Efficacy of Graduated Compression Stockings in the Preven- 
tion of Deep Vein Thrombosis.” British Journal of Surgery, 64: 371-373, 1977. 

3. Barnes, Robert W et al, “Efficacy of Graded-Compression Antiembolism Stock- 
ings in Patients Undergoing Total Hip Arthroplasty” Clinical Orthopaedics, 132: 
61-67, 1978. 

4. Wilkins, Robert W. et al, “Elastic Stockings in the Prevention of Pulmonary Embol- 
ism: A Preliminary Report.” New England Journal of Medicine, 246: 360-364, 
1952. 

5. Wilkins, Robert W. & Stanton, Joseph R., “Elastic Stockings in the Prevention of Pul- 


monary Embolism II. A Progress Report.” New England Journal of Medicine, 
246: 1087-1090, 1953. 
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Lewis, Charles E. et al., “Elastic Compression in the Prevention of Venous Stasis: 

A Critical Reevaluation.” The American Journal of Surgery, 132: 739-743, 1976. 
Meyerowitz, B.R., & Nelson, R., “Measurement of Velocity of Blood in the Lower 
Limbs with and without Compression.” Surgery, 56: 481-486, 1964. 

Sigel, Bernard, et al., “Compression of the Deep Venous System of the Lower Leg 
During Mactine Recumbering.” Archives of Surgery. 106: 38-43, 1973. 
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If you feel strongly that the 
anti-embolism stockings 
used in your service should 
be clinically proven, return 
this card. 


OI want TED.-the only clinically 
proven anti-embolism stockings- 
used in my hospital. 

C Please send me the clinical studies 
proving the effectiveness of 
TE.D. Stockings. 





NAME 


HOSPITAL AFFILIATION 


ES 


ADDRESS 


CITY STATE ZIP 


ns 


PHONE 


SIGNATURE 


The Kendall Company * Hospital Products « Boston, MA 02101 
HM-2035 American Journal of Cardiology 


[ ]I want TE D.-the only clinically 
proven anti-embolism stockings- 
used in my hospital. 

C] Please send me the clinical studies 
proving the effectiveness of 
T.E.D. Stockings. 





NAME 


HOSPITAL AFFILIATION 





ADDRESS 
CITY STATE ZIP 
€ E À— —— a —— P! 


PHONE 


SIGNATURE 


The Kendall Company * Hospital Products « Boston, MA 02101 
HM-2035 American Journal of Cardiology 
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Hemodynamic Effects of Oral Ephedrine Given Alone or 
Combined With Nitroprusside Infusion in Patients With 
Severe Left Ventricular Failure 
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Potent vasodilator or inotropic agents alone may be of limited value in 4 
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some patients with severe congestive heart failure because of their ex- - , 1 
aggerated peripheral vascular effects. Nitroprusside and potent inotropic » 


agents in combination are hemodynamically more effective than either 


| EN 
^ " 
wed 


alone. Although oral vasodilators can mimic nitroprusside, there is a need — 
for potent oral inotropic agents. Ephedrine is an oral sympathomimetic — . 


inotropic drug. The hemodynamic effects of ephedrine alone (50 mg 
orally), nitroprusside alone and the two agents combined were studied - 


n PE 


B 


in 11 patients with severe congestive heart failure. Heart rate increased — 


from 89.9 + 5.2 (standard error of the mean) to 98.2 + 5.0 beats/min after 


ephedrine (P <0.001) and to 96.4 + 4.7 beats/min with ephedrine plus . 


nitroprusside (P <0.02); it was unchanged with nitroprusside alone. Mean 


systemic arterial pressure increased from 83.7 + 2.1 to 89.2 + 2.7 mm- 
Hg after ephedrine (P <0.02) and decreased to 73.4 + 2.4 mm Hg with © 


nitroprusside added (P <0.01). Left ventricular filling pressure was un- 


changed after ephedrine but decreased from 30.9 + 2.3 to 20.6 + 2.1 mm 
Hg during nitroprusside infusion (P <0.01). Control cardiac output aver- - 
aged 3.94 + 0.30 liters/min and increased by 1.25 + 0.31 liters/min with © 


nitroprusside, by 1.09 + 0.30 liters/min after ephedrine and by 2.20 + 


0.34 liters/min with the two combined. Although the increases in cardiac - 
output with each agent alone were significant and similar, the increase © 
with the two combined was significantly greater than with either alone. - 


The data suggest that ephedrine is an orally effective inotropic agent 
especially when combined with a vasodilator. Further evaluation of 
ephedrine in congestive heart failure is warranted. 


Although vasodilator agents can produce striking hemodynamic as well | 


as symptomatic improvement in patients with refractory left ventricular 


failure, the hypotensive action of these agents may limit their usefulness - 


in some patients.! In such cases, symptomatic hypotension may develop  . 


before cardiac output is restored to adequate levels. On the other hand, — 


potent inotropic agents, which can produce vasoconstriction to support 


blood pressure while increasing cardiac output, may increase myocardial . 
oxygen consumption without necessarily restoring cardiac output or its | 


regional distribution to normal. Thus in a subset of patients with severe 
congestive heart failure a critical relation between left ventricular per- 
formance and left ventricular outflow resistance operates so that an 


- 


intervention affecting one of these at the expense of the other may not _ 


be optimal. A therapeutic maneuver that could simultaneously reduce - 


outflow resistance and improve myocardial contractility might be ben- 


eficial in such patients. Indeed, it has recently been shown that con- 4 | 
comitant administration of the potent vasodilator sodium nitroprusside 


and potent inotropic agents such as dopamine or dobutamine results in 
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TABLE | 


ES. 1 102 102 102 108 102 
B 2 88 86 — 80 84 86 96 82 
LE 3 60 60 55 65 79. 78 64 
4 82 75 82 84 78 | 75 63 
5 90 93 81 100 93 86 63 
E 6 116 — 115 118 125 128 — 94 74 
E 7 96 88 96 104 a, 97 79 
E 8 81 7$ 81 90 87 82 69 
P 9 (11-308; . 108 114 134 E 77 
I 10 99 90 99 108 111 78 63 
E di 87 93 87 98 102 — 82 67 
Mean 920 895 899 982 964 846 70.1 
|... SEM OE OES 52 - 590 ay. 24 2.1 
P NS NS. «0.001 «0.02 








? 
. additive hemodynamic responses superior to those of 
any of these agents alone.2? Thus the increased output 
. induced by the inotropic agent maintains arterial 
. pressure at acceptable levels whereas the vasodilator 
. produces optimal reduction in outflow resistance so that 
- cardiac output is maximally augmented and ventricular 
. filling pressure reduced. 
= The combination of vasodilators and inotropic agents 
. is currently available for parenteral use only. Although 
_ hemodynamically effective long-acting nonparenteral 
_ vasodilators are available,’ digitalis is the only drug 
. now used for long-term inotropic effect. It has previ- 
ously been shown that digitalis has slight if any effects 
. on cardiac output and left ventricular filling pressure 
- when administered acutely for pump failure,?? and it 
has recently been suggested that long-term digitalis 
therapy also has no clinically significant hemodynamic 
. activity.!9!! In addition, in most patients with severe 
. refractory heart failure the condition developed while 
. they were receiving maintenance digitalis therapy. 
_ Thus, there is a need for a more effective inotropic agent 
.. for long-term administration. | 
. Ephedrine is an orally effective sympathomimetic 
- agent that has been in use as a bronchodilator.!?13 It has 
= potent inotropic activity and is known to increase car- 
_ diac output and blood pressure in normal subjects as 
. well as in patients with cardiac insufficiency.!^1^ It has 
. not been extensively evaluated in patients with con- 
. gestive heart failure. Because the intravenous combi- 
. nation of vasodilators and inotropic drugs is effective, 
_ this study was designed to assess the effects of oral 
. ephedrine alone and in combination with vasodilators 
: E in patients with chronic congestive heart failure. 


p* Methods 


. Patients: The study population consisted of 11 patients 
= with chronic congestive heart failure (New York Heart As- 
= sociation class III or IV'®). The diagnosis of congestive heart 
. failure was established clinically by a history of dyspnea or 
— fatigue, the presence of a third heart sound, pulmonary rales, 
. jugular venous distension or edema and radiographic evidence 





Systemic Arterial . 


T E e ee EL E M OE CLER PENNE QUT NN a Te ni tie dos S came a ON) a ME 
K Case Heart Rate (beats/min) Mean Pressure (mm H ; Pressure (mm 
a n. G NP RC E E+NP C NP RC E EIHP.'C NP RC E  ETNP 
uo aeo comas, S HERUM a Oa Moi ce A 0 Ro NN ee a 11 Oda A 
i, 92 70 92 72 26 32 43 25 


<0.001 
1 C = prenitroprusside control period; E = with ephedrine; E+NP = with ephedrine plus nitroprusside; NP = with nitroprusside; NS = not significant; 
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Systemic Hemodynamic Effects of Ephedrine and Nitroprusside in 11 Patients With Left Ventricular Failure 


Left Ventricular Filling 


4 i ; 
.0 2.0 2.3 2.3 2.1 


2.1 27:. 24 j 
«0.001 NS NS «0.01 


NS «0.02 «0.01 


of pulmonary vascular congestion. The cause of the heart 
failure was ischemic cardiomyopathy in nine patients and 
primary idiopathic cardiomyopathy in two. The former di- 
agnosis was based on a history of documented acute myocar- 
dial infarction or angiographically demonstrated coronary 
artery disease. Primary cardiomyopathy was diagnosed if no 
other cause of congestive heart failure was apparent. Patients 
with primary pulmonary disease, primary valvular heart 
disease, acute myocardial infarction within the preceding 4 
months, angina pectoris, significant arrhythmias, or hyper- 
tension were excluded. The patients averaged 57 years of age 
(range 48 to 79 years), and all were receiving digitalis and di- 
uretic agents; 6 had also been taking vasodilators before 
study. 

Procedures: After giving written informed consent, the 

. > E 
patients were taken to a special procedure room adjacent to 
the cardiac care unit on the day of study. All medications were 
withheld. A Swan-Ganz triple lumen thermistor-equipped 
catheter was inserted percutaneously under local anesthesia 
by way of an antecubital or femoral vein and advanced into 
the pulmonary artery for measurement of right atrial, pul- 
monary arterial and pulmonary arterial wedge pressures. 
Systemic arterial pressure was measured directly from a short 
Teflon? catheter inserted into the brachial artery. All pres- 
sures were measured using Statham P23Db pressure trans- 
ducers connected to a Hewlett-Packard multichannel direct 
writing recorder. Zero reference level was taken at the mid 
axillary line with the patient supine, and all measurements 
were made in this position. Left ventricular filling pressure 
was recorded as either pulmonary arterial wedge or diastolic 
pressure, the same variable being used consistently in any 
individual patient. Cardiac output was measured in triplicate 
with the thermodilution technique using iced (0 to 5° C) 5 
percent dextrose in water injected as a 10 ml bolus dose with 
a model 3700 thermodilution injector (OMP Laboratories, 
Killingworth, Connecticut). The thermodilution curves were 
analyzed, and cardiac output was calculated with an Edwards 
Laboratories 9510A cardiac output computer. Heart rate and 
rhythm were monitored continuously from the electrocar- 
diogram. 

Protocol: After stabilization of hemodynamic measure- 
ments for at least 30 minutes after completion of catheter- 
ization procedures, control measurements were obtained of 
heart rate, right atrial, pulmonary arterial and systemic ar- 
terial pressures and cardiac output. Systemic arterial blood 





TABLE | 3 
(continued) 3 
Systemic Vascular Resistance 


Case Cardiac Output (liters/min) (units) DENS OS E 
Iu, 
1 4.61 4.89 4.30 4.79 5.19 14 10 | 14 14 10 - 
2 3.14 5.79 3.14 6.65 7.15 25 12 25 12 11 4 
3 5.51 6.21 5.65 1.51 8.57 11 9 12 11 7 : 
4 3.99 5.80 3.99 4.05 6.26 13 7 13 15 8 a 
».§ 4.39 4.93 3.70 5.42 5.65 15 10 17 11 10 n. 
6 2.43 5.40 2.43 2.97 5.33 30 13 28 26 13 " 
7 2.17 2.46 2.17 2.82 2.51 28 27 26 23 27 NH 
8 3.82 4.47 4.25 4.26 5.27 20 15 16 18 14 A 
9 4.57 6.76 3.99 4.97 7.60 15 9 17 15 9 fa 
10 3.99 4.14 2.99 4.25 4.95 17 14 23 17 12 E. 
11 4.71 6.27 3.54 4.43 5.83 14 9 19 17 10 ‘a 
Mean 3.94 5.19 3.65 4.74 5.85 18.4 12.3 19.4 16.3 11.9 ‘i 
SEM 0.30 0.36 0.29 0.42 0.48 2.0 1.6 TEF 1.4 1.6 n 
P «0.01 NS «0.01 «0.001 «0.01 NS «(0.05 «0.001 . 


P = probability (NP and RC were compared with C .E and E+NPwere compared with RC); RC = recontrol, postnitroprusside period; SEM = standard 


error of the mean. k; 
E 
2 
* 














gases were also sampled. Infusion of sodium nitroprusside was as a single 50 mg oral dose was given and measurements were — 
then begun at 10 ug/min and gradually increased and titrated repeated 1 hour later. This dose and time were chosen from |. 

until left ventricular filling pressure was reduced by one third preliminary experiments. On completion of these measure- — 
or until systolic arterial pressure decreased to 90 mm Hg. ments, nitroprusside was again infused until left ventricular E 

Hemodynamic measurements were repeated after 15 minutes filling pressure decreased to the same level observed during . 
of stable nitroprusside infusion, which was then discontinued. the first nitroprusside infusion, and hemodynamic and blood . 
After pressures had returned to the control levels before the gas measurements were again obtained. This final measure- 4 
nitroprusside infusion (but not before 20 minutes after dis- ment occurred within 2 hours of the administration of — 
continuation of the infusion), repeat control hemodynamic ephedrine, which has a plasma half-life of more than 4 hours | 
and blood gas measurements were obtained. Ephedrine sulfate after an oral dose.!" E 


Analysis of data: Systemic vascular resistance was calcu- — 
lated as mean arterial pressure minus right atrial pressure — : 
divided by cardiac output. Pulmonary vascular resistance was — 
calculated as mean pulmonary arterial pressure divided by — 
cardiac output and pulmonary arteriolar resistance as the 
difference between mean pulmonary arterial and left ven- 
tricular filling pressures divided by cardiac output. All resis- - 
tance values were expressed in arbitrary resistance units. v 
Statistical analysis was performed using Student’s t test for . 
paired data; the data for each drug regimen were compared | 
with each other as well as with their respective pre-drug - 
control values. Group data are reported as mean and standard 
error of the mean. 
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Results 4 


Hemodynamic effects: The systemic hemodynamic — 
responses to ephedrine and nitroprusside alone and in 
combination are shown in Table I. There were no sig- _ 
nificant differences between pre-nitroprusside control - 
and post-nitroprusside recontrol values for any variable — 
measured. Heart rate increased after ephedrine and ~ 
remained significantly above control level without . 
changing further when nitroprusside was added to 
ephedrine. Systemic arterial pressure increased afte M 







x BLOOD PRESSURE 
e 


PERCENT CHANGE IN HEART RATE 









-40 ephedrine and decreased significantly to the same level - 
NP E E+NP during infusion of nitroprusside alone or in addition to — 
(p«0.001) (p«0.001) ephedrine. The product of heart rate and systolic blood — 
pressure decreased an average 20.4 + 2.1 percent during | 
sige 1. E ix hs wan hn e (NF) idest id nitroprusside infusion and increased an average of 15.9 _ 
us nitroprussi on heart rate-blood pressure product in pa- Ted. m . "c 
tients with left ventricular failure. Heavy bars represent mean and + 2.7 percent after ephedrine; administration of the two 
standard error of the mean. The value after ephedrine plus nitroprusside agents together resulted in no significant change from- 
is not significantly different from the control value. p = probability. control values (Fig. 1). Ephedrine did not significantly : 


A 
4 
"E 


* "pw iS toe y | 3 January 1979 The American Journal of CARDIOLOGY Volume 43 81. 


Pulmonary Hemodynamic Effects of Ephedrine and Nitroprusside in 11 Patients With Left Ventricular Failure 
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FIGURE 2. Comparative effects of ephedrine (E), nitroprusside (NP) and 
ephedrine plus nitroprusside (E+NP) on cardiac output in patients with 
left ventricular failure. Mean values and standard error of the mean are 
plotted. L = liters; NS = not significant; p = probability. 


alter left ventricular filling pressure, whereas both ni- 
troprusside infusions reduced it to similar levels, the 
latter reduction being inherent in the protocol design. 
Cardiac output increased significantly with each in- 
tervention. The average increase in cardiac output of 
2.20 + 0.34 liters/min during nitroprusside-ephedrine 
combination therapy was significantly greater than that 
observed with either nitroprusside (1.25 + 0.31 liters/ 
min) or ephedrine (1.09 + 0.30 liters/min) alone. The 
difference between the two agents given alone was not 
significant (Fig. 2). Although systemic vascular resis- 
tance decreased with each intervention, the decrease 
was greater with nitroprusside alone than with ephed- 
rine alone, and greatest with the two agents com- 
bined. 

In three patients hemodynamic measurements were 
obtained for 4 hours after the dose of ephedrine, and in 
these patients the increases in cardiac output, heart rate 
and blood pressure were maintained during that 
time. 

Pulmonary arterial and right atrial pressures were 
not affected by ephedrine but were reduced by nitro- 
prusside alone as well as in combination with ephedrine 
(Table II). Changes in pulmonary vascular resistance 
resembled those of systemic vascular resistance; that 
is, the resistance decreased with all interventions but 
decreased more during both nitroprusside infusions. 
Pulmonary arteriolar resistance was unchanged with 
ephedrine alone. 

Systemic arterial oxygen tension, which averaged 
80.3 + 7.2 mm Hg in the control period, decreased an 
average of 16.9 + 3.8 mm Hg during nitroprusside 
infusion (P <0.01) and increased insignificantly (2.4 + 
8.3 mm Hg) after ephedrine. It decreased again (—20.1 
+ 5.6mm Hg, P <0.02) when nitroprusside was added 
to ephedrine. 
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The dose of nitroprusside required to reduce left 
ventricular filling pressure to comparable levels with 
and without ephedrine was significantly different. The 
average dose of nitroprusside infused alone was 158.2 
+ 26.4 ug/min. After ephedrine significantly less ni- 
troprusside was required (118.2 + 21.9 ug/min, P 
« 0.02). 

Clinical effects: Serious clinical complications did 
not occur during this brief observation period despite 
increases in heart rate and blood pressure in all patients 
after ephedrine administration. Three patients with 
ischemic cardiomyopathy experienced mild transient 
symptoms that resolved spontaneously. Increased 
dyspnea was noted by two patients after ephedrine 
despite small reductions in left ventricular filling 
pressure; dyspnea was not reported by any of the pa- 
tients whose left ventricular filling pressure increased 
after ephedrine. One patient experienced mild chest 
pain after ephedrine. No patient had new arrhythmias 
or aggravation of preexisting rhythm disturbances, and 
no other side effects occurred. 


Discussion 


Hemodynamic and inotropic effects of ephedrine: 
It has long been known that ephedrine is a potent 
sympathomimetic agent, and early accounts1418.19 de- 
scribed its ability to increase blood pressure and urinary 
output in states of “circulatory depression." Goldberg 
et al.2° demonstrated that ephedrine was the most 
potent positive inotropic agent among a group of sym- 
pathomimetic amines and that its effects on contractile 
force of cardiac muscle were comparable with those of 
adrenalin. Nevertheless, ephedrine has not been ex- 
tensively studied in patients with left ventricular failure, 
probably because of fear of production of tachycardia 
and the possible rapid development of tolerance to 
ephedrine.12.14.18-20 Experience with vasodilator drugs 
that increase heart rate in normal subjects but not in 
patients with heart failure emphasizes the risks of ex- 
trapolating findings from normal subjects to patients 
with left ventricular dysfunction and associated ab- 
normal sympathetic nervous responsiveness.1- ^22? 

In the present study orally administered ephedrine 
increased heart rate, systemic arterial pressure and 
cardiac output while slightly decreasing systemic vas- 
cular resistance in patients with severe left ventricular 
failure. These results were both qualitatively and 
quantitatively similar to those previously reported after 
parenteral administration of ephedrine to normal 
subjects.!^ The responses in our study were most likely 
due to a positive inotropic effect of ephedrine. Preload 
was probably not altered because neither right nor left 
ventricular filling pressures were changed by ephedrine 
despite its known venoconstrictor action. !5?3 The slight 
decrease in systemic vascular resistance observed in our 
study and in previous studies in man!^?^ suggests some 
vasodilating action of ephedrine. Cohn! has demon- 
strated forearm vasodilation in man during intraarterial 
ephedrine infusion, and Eckstein et al.2? noted very 
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little effect of ephedrine on total systemic vascular re- 


sistance in dogs. Our present observation of lower ni- 





troprusside dosage requirement to reduce left ventric- 


ular filling pressure comparably after ephedrine ad- 
ministration is also consistent with some vasodilating 


action of ephedrine. The decrease in systemic resistance - 


after ephedrine was less than that observed with ni- 


troprusside, although cardiac output increased similarly . 
with both agents in our study, suggesting that reduction — 
of outflow resistance was not the dominant factor in  - 


determining the effect of ephedrine on cardiac output. _ 


Furthermore, blood pressure increased after ephedrine 


and ventricular filling pressure did not decrease; both - 


these pressures usually decrease when outflow resis- 
tance is decreased. Thus, in the absence of significant 


changes in preload or left ventricular outflow resistance, - 
the observed hemodynamic effects of ephedrine in our | 
patients with left ventricular failure are best explained - 
by a positive inotropic effect. The increase in cardiac — 
output at the same ventricular filling pressure after - 


c 


ephedrine is consistent with an increase in contractili- | 


ty 


Mechanism of ephedrine effects and clinical  - 
implications: The mechanism of action of ephedrine | 


remains controversial because the drug may act directly | 


or indirectly. Kaul and Grewal% showed that ephedrine — 
stimulates catecholamine release from isolated perfused — 
cat hearts. Others29?7 demonstrated that animals pre- — 
treated with reserpine do not respond to ephedrine and - 


that responsiveness can be restored when animals are — 


given norepinephrine. These results suggest that S 


ephedrine acts indirectly by releasing norepinephrine. - 


In contrast, Moore and Moran?? found that the positive — 


inotropic and chronotropic effects of ephedrine were not — 


abolished in dogs pretreated with reserpine, and earlier 
studies from our laboratory!? showed a direct vasodi- 


lating effect of ephedrine given intraarterially in non- 


systemic doses to normal subjects. Thus it is likely that 
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ephedrine acts both directly and indirectly. This dual — 
mode of action might be related to the relative mixture d 


of optically active isomers because less myocardial 


norepinephrine is released by L(+)-ephedrine than by . 
D(—)-ephedrine.2? The precise mode of action of  - 


ephedrine may have important clinical implications. If - 


— cic 


responsiveness to ephedrine depends on norepinephrine : 


release, then patients with congestive heart failure and — 


depleted myocardial catecholamines might not be ex- 


pected to respond to ephedrine.?? Our patients did re- — 
spond, thus suggesting that catecholamine depletion is 
not complete even in patients with severe chronic con- 

gestive heart failure. An alternative explanation is that 
ephedrine acted directly. However, if ephedrine acts © 
indirectly, then its continuous administration could lead | 
to norepinephrine depletion and development of | 


ephedrine tolerance, thereby limiting its efficacy in a 


patients with heart failure. 


Development of tolerance to ephedrine: This was | j 


noted very soon after introduction of the agent,” and - 


Herxheimer!? described its development within a few - 


days of continuous administration of ephedrine to pa- 5 
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. tients with bronchial asthma. He pointed out that tol- 
= erance was more likely to occur if large doses were given 
— with relatively short intervals between doses. However, 
. these earlier reports have not been confirmed by more 
= recent studies!??! showing that forced expiratory vol- 
... ume, heart rate and blood pressure still increase in re- 
- . sponse to ephedrine after several weeks of continuous 
_ administration of the drug in asthmatic patients. 
_ Whether tolerance to the inotropic effect develops with 
_ continuous administration of ephedrine is not known. 
_ Current status of combined oral vasodilator- 
-~ ephedrine therapy: Our results indicate that the status 
_ of ephedrine in the management of congestive heart 
- failure is not clearly established. Because heart rate and 
| blood pressure both increased after ephedrine, and 
_ contractility was probably enhanced, it is likely that 
- myocardial oxygen requirements increased.?! Such an 
= increase could be harmful in patients with ischemic 
E eart disease, and the development of symptoms in 
- three of our patients with ischemic heart disease 
_ suggests that this increase may be clinically important. 
_ Therefore, ephedrine alone should be used cautiously, 
— if at all, in patients with ischemic cardiomyopathy. 
_ Combining ephedrine with vasodilators can offset some 
. of the undesirable effects by preventing the increase in 
blood pressure and also by decreasing left ventricular 
- filling pressure. Indeed, this combination produced a 
. greater increase in cardiac output than that produced 
— by either vasodilator or ephedrine alone. Such a com- 
- bination could be useful in the management of severe 
- low output states. This combined therapy has previ- 
. ously been possible only with parenteral agents.2? Be- 
—. cause the acute hemodynamic effects of nitroprusside 
— in patients with heart failure can be mimicked by 
__ long-acting vasodilators such as nitrates, hydralazine 
_ or quinazolines,*’ it is possible that these vasodilator 
. agents can be combined with ephedrine to provide an 
= oral vasodilator-inotropic regimen. Such a regimen 
_ might be useful in the immediate management of low 
— output states. We have successfully used such a com- 
. bination to wean patients with refractory heart failure 
__ from parenteral to oral therapy. Thus an oral combi- 
. nation of vasodilator-inotropic agents may be useful in 
_ the acute phase of management and diminish the need 
_ for prolonged parenteral treatment, which often re- 
-~ quires intensive and costly monitoring of the patient. 
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Although our study was not intended to assess the 
long-term effects of ephedrine in patients with heart 
failure, six patients have been receiving the oral vaso- 
dilator-ephedrine combination for 1 to 2 weeks and 
initial results show that the hemodynamic effects of 
ephedrine are sustained without tolerance developing. 
In addition, three other patients with severe congestive 
heart failure have been maintained on a regimen of 
ephedrine with vascdilators for up to 1 year, and all have 
remained in stable condition during that time. Of these 
nine patients, five with ischemic heart disease had no 
new ischemic events during ephedrine-vasodilator 
therapy. Ephedrine was administered four times daily 
to these patients on the basis of the more than 4 hour 
effect of a single dose in our patients and in accordance 
with earlier pharmacokinetic studies in asthmatic pa- 
tients.!7 

Implications of study: Oral ephedrine appears to be 
an effective sympathomimetic agent in patients with 
congestive heart failure, especially when combined with 
a vasodilator. Important questions concerning the 
possible development of tolerance, safety in ischemic 
heart disease and the occurrence of side effects such as 
arrhythmias or central nervous system stimulation?3 
must be resolved before the role of ephedrine in con- - 
gestive heart failure can be clearly defined. Further- 
more, regional distribution of the increased cardiac 
output after ephedrine was not examined in our study 
and because this agent dilates some beds while con- 
stricting others, such as the renal bed—these effects 
may be important in the long-term treatment of con- 
gestive heart failure. Our study merely demonstrates 
that ephedrine can produce desirable hemodynamic 
changes in patients with left ventricular failure and 
suggests that further studies of this agent are warranted. 
In addition, it should serve as a stimulus to search for 
orally effective sympathomimetic agents that may have 
a more favorable circulatory effect. In the meantime, the 
combination of oral vasodilators plus ephedrine may be 
considered in the short-term management of patients 
with severe or refractory congestive heart failure. 
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Hemodynamic studies were carried out in 19 patients with left ventricular 
failure complicating acute myocardial infarction. Fourteen patients were 
studied before and after the intravenous administration of 0.5 mg/kg of 
furosemide, and five patients served as a control group. Serial mea- 
surements included intracardiac pressures, cardiac output and lung water 
by a double isotope technique. A significant reduction was noted in right 
atrial (P <0.005), pulmonary arterial (P <0.0005) and pulmonary wedge 
pressures (P « 0.0005) after administration of furosemide. Only the 
change in right atrial pressure was significantly different from that in the 
control group ( P <0.05). Lung water was not changed in 4 patients studied 
2 hours after administration of furosemide but was significantly changed 
in the remaining 10 patients studied 4 to 24 hours after furosemide (P — 
0.0001). This change was also significantly different from values in the 
control group (P «0.05). The patients with no reduction in excess lung 
water also had a smaller reduction in pulmonary wedge pressure and a 
lower pretreatment stroke work index than the other patients. 

The mobilization of excess lung water in patients with acute myocardial 
infarction complicated by left ventricular failure has several features. 
Despite a prompt diuresis, the reduction in lung water is delayed for at 
least several hours after the administration of furosemide and may be 
related to the degree of left ventricular dysfunction. Venodilation may be 
a major result of treatment with furosemide. 


Although treatment of acute left ventricular failure may result in prompt 
clinical and hemodynamic improvement, there is frequently a delay in 
resolution of radiographic evidence of pulmonary edema. Dikshit et al.! 
recently demonstrated that intravenous furosemide produces a rapid 
reduction in pulmonary wedge pressure in patients with left ventricular 
failure secondary to acute myocardial infarction. The time course of 
mobilization of excess lung water after intravenous administration of 
diuretic drugs has not been demonstrated. This investigation was un- 
dertaken to determine the acute changes and interrelation between 
cardiac hemodynamics and lung water after intravenous administration 
of furosemide in patients with acute myocardial infarction complicated 
by left ventricular failure. 


Material and Methods 


Patients: The study group consists of 19 patients with acute myo- 
cardial infarction and left ventricular failure admitted to the coronary 
care unit of the Strong Memorial Hospital. There were 15 men and 4 
women aged 31 to 69 years (mean 50). The diagnosis of acute myocardial 
infarction was based on a typical history, development of Q waves and 
S-T and T wave abnormalities and serial changes of serum enzymes. All 
patients had left ventricular failure, as defined by the presence of bi- 
lateral pulmonary rales, a ventricular gallop and radiographic evidence 
of pulmonary edema. 
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Oxygen was administered by nasal cannula to all recorder. The zero reference level for pressure recording J 
patients, and no additional drug other than intravenous was 5 cm below the sternal angle. Mean pressures were 
lidocaine was given during the study period. Patients obtained by electronic integration. Cardiac output was 
were not included in the study if diuretic therapy or measured in duplicate with the indicator-dilution 3 
digitalis had been given in the previous 6 hours or if the technique utilizing indocyanine green or w th thermo- - 
serum potassium level was less than 3.5 mEg/liter. dilution.” k 

Hemodynamic meásurements: After giving informed Lung water measurement: Within 10 to 15 minutes- 1 
consent, patients underwent right heart catheterization after completion of pressure measurements and deter- . 
with a no. 7 Swan-Ganz flow-directed catheter under mination of cardiac output, lung water was measured 
fluoroscopic control. An 18 gauge Teflon® cannula was with a double isotope technique previously described 
placed in a brachial artery for blood sampling and in work from our laboratory.’ Lung water was calculated 
measurement of intraarterial pressure. Right atrial, according to the following formula: » 
pulmonary arterial, pulmonary wedge and brachial ar- " 


terial pressures were measured with Statham model SP 


CI 
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TABLE | S 
Hemodynamic and Lung Water Data in 19 Patients With Acute Myocardial Infarction: Furosemide Group and Control Group 
05 cyas decurio vita a M dein iC SAS ^c CN ML COL MA MEMO UID 40m 0 - Hi 
Case no. Time HR RAm PAm PW BAm Cl SI SWI LW oo 
A. Furosemide Group < 
1 Baseline 114 5 20 15 75 2.84 24.9 21.4 206 — 
At 2 hours 111 4 21 14 70 3.09 27.8 22.3 177 a 
2 Baseline 125 i 32 24 145 1.99 15.9 27.6 213: 
At 2 hours 120 a 29 23 145 1.97 16.4 28.7 193 
3 Baseline 90 5 37 24 75 2.10 23.3 17.0 262 N 
At 2 hours 88 3 29 20 80 2.24 24.9 21.5 256 
4 Baseline 66 6 27 17 80 3.14 47.6 43.0 167 78 
At 2 hours 66 3 22 15 95 2.72 41.1 47.2 176 = 
5 Baseline 72 124 23 17 100 1.88 27.3 32.5 193 
At 4 hours 69 e 20 13 95 1.79 26.0 30.6 120 2 
6 Baseline 86 LAT: 41 25 105 3.69 42.9 50.5 174 
At 4 hours 86 AA 25 16 95 3.04 35.3 43.5 104 
7 Baseline 112 6 33 24 110 4.82 43.1 53.2 244 
At 6 hours 130 5 32 21 120 4.52 34.8 49.4 208 
8 Baseline 81 $a 34 21 110 2.50 30.9 39.4 138 
At 6 hours 79 s 30 19 90 2.34 28.9 29.4 104 
9 Baseline 104 11 45 35 115 2.90 27.9 32.0 302 
At 8 hours 103 5 34 22 120 3.25 31.5 44.3 226 
10 Baseline 96 9 29 20 85 1.95 21.7 20.2 134 
At 8 hours 90 4 22 13 80 2.39 26.5 25.5 116 4 
11 Baseline 89 13 25 19 130 2.35 26.4 42.0 154 » 
At 12 hours 72 10 20 14 110 2.21 30.5 42.2 140 8 
12 Baseline 70 13 24 18 95 2.32 33.1 36.6 171 238 
At 12 hours 70 11 21 13 75 2.23 31.9 28.3 94 3 
13 Baseline 93 2 29 15 115 4.24 45.6 66.0 152.3 
At 24 hours 92 0 15 4 80 2.53 27.5 30.0 101 
14 Baseline 85 9 29 18 |. 90 4.22 49.6 51.3 152° 3 
At 24 hours 84 7 24 13 105 3.32 39.6 51.1 75. 2 
B. Control Group E 
15 Baseline 95 2 27 17 85 3.06 32.2 31.4 262 . 0 
At 6 hours 104 i 23 15 80 3.69 35.5 31.5 229 — 
16 Baseline 91 10 19 13 90 2.16 23.8 26.2 112 Ad 
At 16 hours 98 9 27 22 85 2.76 28.2 25.5 141. 3 
17 Baseline 68 7 32 22 120 3.14 46.2 64.9 152 — 
At 16 hours 74 8 21 14 107 2.62 35.4 47.3 125 — 
18 Baseline 72 8 26 16 115 3.86 .53.6 76.1 185 - 
At 16 hours 82 9 21 15 130 3.58 43.7 72.1 179 $ 
19 Baseline — 95 6 30 24 95 3.24 34.1 34.8 166 — 
At 24 hours 91 6 30 21 118 3.48 38.3 56.0 i187 3 


BAm = brachial arterial mean pressure (mm Hg); Cl = cardiac index (liters/min per m?); HR — heart rate (beats/min); LW = lung water (m/m?) — 
PAm = pulmonary arterial mean pressure (mm Hg); PW = pulmonary wedge pressure (mm Hg); RAm = right atrial mean pressure (mm Hg); SI 
= stroke index (cc/m?); SWI = stroke work index (g-m/beat per m?). É- 
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_ Combined Hemodynamic and Lung Water Data Before and After Furosemide (14 patients) and in Control Group (5 patients) 


_ (mean + standard error of the mean) 


MEO EUNT M———————— a Se ae 


E. | RAm PAm PW BAm CI Lung Water 
BEEN DUNT EEUU TESTE eee eee 
E. A. Furosemide Group 
ee LEGE COE RE Se 
. Study 1 ^9 X 137 30.6 + 1.88 20.8 + 1.44 102.3 + 5.52 2.92 + 0.26 190.1 + 13.4 
. Study 2 (after furosemide) 5.2 + 1.05 24.7 + 1.53 15.7 + 1.33 97.0 + 5.60 2.69 + 0.19 149.3 + 15.0 
P value «0.005 «0.0005 <0.0005 NS NS <0.0005 
T " MEME Emm MM ee teed 
E B. Control Group 
... Study 1 6.6 + 1.33 30.1 + 5.60 18.4 + 2.01 101.0 + 6.96 3.09 + 0.27 175.4 + 24.7 
Study 2 5.2 + 1.69 24.4+ 1.79 17.4 + 1.69 104.0 + 9.53 3.22 + 0.22 172.2 + 18.3 
.P value NS NS NS NS NS NS 
(02 2-000500 aM SS ONU 
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where CI = cardiac index (ml/min per m2) 

 "Tmmuo(pA.BA) = mean transit time (sec) of tritiated 
. water from the pulmonary artery to the brachial artery; 
| and Tmpisa(PA-BA) = mean transit time (sec) of ra- 
-. dioiodinated serum albumin from the pulmonary artery 
_ to the brachial artery. In this formula, it is implied that 
the expression CI/60 x TmnisA(PA-BA) represents the 
- distribution volume of water in blood. Because the water 
fraction of plasma and that of red cells is not the same, 
. lung water may be overestimated by the difference in 
_ plasma and red cell water fractions. A correction factor 
_ of 0.8 was therefore used, as suggested by Chinard et al.4 
_ All lung water values were corrected by this factor and 
. expressed in ml/m?. The reproducibility of this tech- 
. nique of measurement of lung water, as determined by 
- duplicate measurements 30 minutes apart in a separate 
. series of patients,? has been shown to vary by 11 percent 
- or less. The upper limit of normal for lung water in our 
laboratory is 120 ml/m? (mean normal value 90 ml/ 

m?). 
_ Furosemide: In 14 patients, 0.5 mg/kg of furosemide 
— was given intravenously, and pressures, cardiac output 
. and lung water was determined 2, 4, 6, 8, 12 or 24 hours 
. after drug administration. Five patients who underwent 
. identical hemodynamic study without receiving furo- 
- semide served as a control group. Student's t test was 
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TABLE Ill 
EC ange in Pulmonary Wedge Pressure and Lung Water 


. According to Time of Measurement After Furosemide 
. Administration (mean + standard error of the mean) 
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; Pulmonary 
E. Wedge Pressure Lung Water 
B. (mm Hg) (m/m?) 
eS amaaa 
n | A. Patients 1 to 4 
. Baseline 20.0 + 2.35 212.0+ 19.5 
_ At 2 hours 18.0 + 2.12 200.5 + 18.9 
P value NS NS 
» B. Patients 5 to 14 
.. Baseline 21.14 1.85 181.4 + 16.8 
a At 4—24 hours 14.8 + 1.63 128.8 + 15.7 
. P value 0.0001 


«0.0005 * 
|. Abbreviations as in Table II. | 


Wa 


-.. NS = not significant; P = probability; other abbreviations as in Table | 


used to compare the differences between patient 
groups. 


Results 


Furosemide group: Table I shows the hemodynamic 
and lung water data for each patient in the furosemide 
and control groups, and Table II presents combined 
data from the first and second studies in both groups. 
The treated group had a significant reduction in right 
atrial (P «0.005), pulmonary arterial (P «0.0005) and 
pulmonary wedge pressures (P <0.0005) after intrave- 
nous furosemide. Lung water was also significantly re- 
duced from 190 to 149 ml/m? (P <0.0005). No change 
in heart rate, brachial arterial mean pressure, cardiac 
index, stroke index or stroke work index was observed. 
All patients manifested a diuretic response of 300 to 650 
ml of urine within 2 hours after furosemide adminis- 
tration. 

Control group: As a group, the five control patients 
had no significant change in intracardiac pressure, 
cardiac index, stroke index, stroke work index or lung 
water. One patient (Case 17) had a spontaneous re- 
duction in pulmonary wedge pressure and lung water, 
and one (Case 16) had an increase in both variables. The 
remaining three untreated patients had a small decrease 
in pulmonary wedge pressure but no significant change 
in lung water. 

Time course of furosemide effects: Table III 
summarizes the time course of changes in pulmonary 
wedge pressure and lung water after administration of 
furosemide. The four patients studied 2 hours after drug 
administration had no appreciable reduction in either 
variable. In contrast, patients studied 4 to 24 hours after - 
furosemide showed a significant reduction in both 
pulmonary wedge pressure (P <0.0005) and lung water 
(P = 0.0001). The baseline values for these variables did 
not differ significantly between the patients studied 
earlier and later after drug administration. 

Among hemodynamic variables only right atrial 
pressure differed significantly (P <0.05) in the furo- 
semide and control groups. The reduction in lung water 
after furosemide was significantly different from the 
control value group (P <0.05) in the 10 patients studied 
4 or more hours after drug administration, but not in the 
4 patients studied 2 hours after drug administration. 
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Discussion 


Hemodynamic effects of ethacrynic acid and 
‘furosemide: These potent diuretic drugs are available 
for the treatment of acute pulmonary edema. Ethac- 
rynic acid and furosemide act predominantly by re- 
ducing the reabsorption of sodium in the ascending loop 
of Henle and can induce prompt diuresis in most pa- 
tients within 2 hours. Investigation into the hemody- 
namic effects of these agents in heart failure has ex- 
panded their clinical application. An early study by 
Scheinmann et al. demonstrated that intravenous 
ethacrynic acid produced a prompt diuresis and sig- 
nificantly reduced pulmonary arterial mean and dia- 
stolic pressures in 3 hours or less in patients with left 
ventricular failure secondary to acute myocardial in- 
farction. No change in cardiac output was noted, and the 


authors concluded that the decrease in pulmonary ar-: 


terial pressure was “passive” in nature, caused by a re- 
duction in central blood volume. 

Two other studies^? demonstrated that patients with 
acute myocardial infarction and left ventricular failure 
showed a decrease in pulmonary arterial or pulmonary 
wedge pressure after administration of furosemide be- 
fore a diuresis occurred. Dikshit et al.! postulated that 
the prompt reduction in pulmonary wedge pressure 
induced by furosemide is a result of vasoactive prop- 
erties of the drug. Between 5 and 15 minutes after ad- 
ministration of furosemide, their patients had a sig- 
nificant decrease in pulmonary wedge pressure ac- 
companied by a 52 percent decrease in calf venous re- 
sistance. This change in venous capacitance was not 
accompanied by any change in urinary output, blood 
pressure or cardiac output. Thus, Dikshit et al. con- 
sidered that the reduction in pulmonary wedge pressure 
was probably secondary to a decrease in venous return 
although a pulmonary vascular effect was not exclud- 
ed. 

Correlation of lung water and hemodynamic 
measurements: The application of measurements of 
lung water as a research tool has increased our under- 
standing of changes in pulmonary hemodynamics and 
water volumes.?-59-1? Austin et al.!! in our laboratory 
studied the acute response to ethacrynic acid and fu- 
rosemide in patients with chronic postcapillary hyper- 
tension. Although 1 hour after either drug there was a 
significant reduction in pulmonary arterial and left 
atrial mean pressures, cardiac index and plasma volume, 
there was no significant change in lung water. They 
concluded that the pulmonary extravascular space is 
relatively resistant to acute decrease in pulmonary 
capillary pressure. Also, the absence of acute change in 
lung water despite a significant reduction in pulmonary 
wedge pressure corresponds to the delay in radiographic 
resolution of pulmonary edema often described. 

In a serial study of patients with acute myocardial 
infarction, Leupker et al.!? noted that the amount of 
lung water was usually directly related to the magnitude 
of pulmonary wedge pressure. When a discrepancy ex- 
isted in some patients between a single measurement 
of pulmonary wedge pressure and lung water, a second 
determination clarified the relation. If the pulmonary 





wedge pressure was initially elevated but the lung water 
was normal, lung water was increased by 30 percent 


when measured 24 hours later. Thus, a lag occurred 
between the elevation of pulmonary wedge pressure and 
the maximal elevation of lung water. Furthermore, in  : 


some patients with a normal pulmonary wedge pressure 


but elevated lung water, the volume of lung water was — 


decreased by 30 percent when measured 24 hours later. 


This “therapeutic lag" was secondary to a delay in E 


mobilization of lung water despite a prompt hemody- 
namic change. Therefore, in patients with no direct 
relation between pulmonary wedge pressure and lung 
water, the level of pulmonary wedge pressure was a good 
predictor of lung water 24 hours later. 

Effects of furosemide in present study: In our 
study there was a significant reduction in right atrial, 


pulmonary arterial and wedge pressures and lung water _ 


after the intravenous administration of furosemide. The 
changes in pressures and lung water were not associated 


with a change in cardiac output, and were thus probably — 


not flow-related. 
The five untreated patients in the control group had 


no significant change in intracardiac pressures, cardiac —— 
index or lung water. Although patients given furosemide _ 


LIS MEUM arr ET tà wk ot ES 97 M ~ 1 eg E^ = Cnm 
TRINE, ae hs le ie Rae ire og By E gi iae o ERA ee 
/  FUROSEMIDE IN ACUTE PULMONARY EDEMA—BIDDLE AND YU 





a 


i: 
Vd 


ee 


11.3 


had a reduction in right atrial, pulmonary arterial and ~ 


pulmonary wedge pressures, only right atrial pressure ~ 


differed significantly from values in the control group. 
Several explanations for this finding are possible. It is 
apparent that the hemodynamic state of an acute 
myocardial infarction is labile. A spontaneous decrease 
in wedge pressure could occur as a result of changes in 
left ventricular compliance or myocardial function in- 
dependent of a therapeutic intervention. In addition, 


furosemide has been demonstrated to produce veno- — | 


dilation and, in these patients, conceivably the isolated 


reduction in right atrial pressure is a manifestation of _ 


venous pooling in the capacitance bed. 

Finally, the lack of a significant reduction in wedge 
pressure in the treated group by comparison with values 
in the control group could be a function of the timing of 
the second measurement, which was later than in the 
acute studies of Dikshit et al.! If repeat hemodynamic 


measurements had been carried out 5 to 10 minutes  . 
after administration of furosemide, as by Dikshit et al,! 
conceivably the decrease in wedge pressure would have 


been significantly greater than in the control group. 
Time course of mobilization of lung water after 


furosemide: delay in resolution of pulmonary 


edema: Closer analysis of the furosemide group reveals 
additional significant information regarding the time 


course of mobilization of lung water. Lung water was not — . 
reduced in the four patients studied 2 hours after fu- —. 
rosemide administration and did not differ from values | 
in the control group. Lung water was significantly re- — 


duced in the patients studied 4 or more hours after fu- _ | 


rosemide by comparison with values in the patients - 


studied at 2 hours as well as in the control group. The 
"therapeutic lag" in resolution of pulmonary edema 


despite a diuretic response has clinical, radiologic and — 


experimental documentation.5!?-14 It has been postu- 


lated that this delay in clearing of excess pulmonary - 


_ January 1979 The American Journal of CARDIOLOGY Volume 43 89 






>) Be 


interstitial fluid is secondary to (1) the retention of 


. excess water by ground substance and collagen by a 


. "sponge" effect, or (2) the large capacity of pulmonary 
= lymphatics.!^ The delay in reduction of lung water until 
_ 4 hours or more is compatible with the sponge effect and 
therapeutic lag. 


Other factors may contribute to the delay in reso- 


. lution of pulmonary edema in patients studied at 2 
- hours. The reduction in pulmonary wedge pressure was 


relatively small in these four patients by comparison- 


with that in the total study population. In addition, 3 
- of the 4 patients had a very low pretreatment stroke 
= work index (less than 30 g-m/beat per m?) whereas only 


1 (Case 10) of the 10 patients who had significantly re- 


. duced lung water had such a low value. Kiely et al.8 re- 
_ ported that a subset of patients with acute myocardial 


. infarction who had no significant hemodynamic re- 


[ 
Y ve 


. sponse to furosemide were older and had a significantly 
greater degree of left ventricular dysfunction than pa- 


_ tients who did show hemodynamic response to the drug. 
_ Conceivably, our patients with a lower pretreatment 
_ stroke work index who had a smaller change in pulmo- 
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nary wedge pressure and no reduction in lung water are 
analogous to their group of patients with no response 
to furosemide. Thus, the delay in mobilization of lung 
water may also be related to the degree of reduction in 
pulmonary wedge pressure and the magnitude of pre- 
treatment left ventricular dysfunction. 

In conclusion, our study demonstrates that the mo- 
bilization of excess lung water in response to furosemide 
in patients with left ventricular failure secondary to 
acute myocardial infarction has several features. There 
is a therapeutic lag of at least several hours, and the 
reduction in lung water may be related to the degree of 
both the reduction in pulmonary wedge pressure and 
left ventricular dysfunction. 
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The potential benefit from coronary dilatation induced by nitroglycerin is 
thought to be limited in patients with ischemia by blood pressure reduction, 
heart rate increase and coronary artery disease. Because recent work 
with other vasodilators suggests multiple vascular receptor sites with 
various degrees of responsiveness, coronary dilator and systemic re- 


sponses to graded doses of nitroglycerin were examined in 13 patients. 4 


High resolution, 105 mm photospot film coronary angiograms, using 4.5 


e y 
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or 6 inch image intensification, was performed before and after admin- d | 
istration of cumulative doses of sublingual nitroglycerin (75 to 450 ug). 
A calibrated optical system was used to measure coronary arterial di- 


ameter. 
Small doses of nitroglycerin (75 to 150 ug) increased the diameter of 


E 


] 
| 


the left anterior descending coronary artery by 10 and 20 percent (mean), 3 | 


that of the left circumflex artery by 9 and 22 percent, and that of colla- 
terally filled vessels by 18 and 28 percent, respectively (all values sig- 
nificantly [P <0.01] different from measurements before nitroglycerin). 
No significant change in heart rate or mean aortic pressure occurred. 
Doses of nitroglycerin to 450 ug produced only modest additional in- 
creases in coronary arterial diameter (left anterior descending artery 9 
percent, left circumflex artery and collaterally filled vessels 7 percent). 


Heart rate increased 5 beats/min and blood pressure decreased 11mm — i 


Hg with 450 ug of nitroglycerin (both P <0.01 ). These data suggest that 
dilator receptors of both large left coronary arteries and vessels filled by 
collateral vessels respond to very small doses of nitroglycerin without 
significant changes in heart rate or blood pressure. 
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Because nitroglycerin has multiple cardiovascular actions, the precise 
mechanism by which it modifies ischemia is not clear. Past investigation  - 


indicates that nitroglycerin can dilate coronary arteries, ? redistribute : F 


coronary blood flow?-? and reduce ventricular filling and systemic . 


pressures through peripheral arterial and venous dilatation. The latter | 


bab 


peripheral actions of nitroglycerin are currently thought to be responsible — 


for this agent's ability to relieve angina pectoris. However, a decrease . 


in systemic pressure is usually accompanied by reflexly mediated in- - 


creases in heart rate and contractility.9 These hemodynamic changes, 


in addition to decreased coronary perfusion, could limit potentially B 


beneficial increases in flow derived by nitroglycerin-induced coronary 
dilatation. Although coronary dilatation alone is not thought to be of 


major importance in the effectiveness of nitroglycerin in relieving angina, - ; 


the potential benefit of increasing coronary flow without decreasing 


perfusion pressure remains attractive. This reasoning has formed the - 


B 


basis for several trials utilizing nitroglycerin in combination with vaso- - | 
pressors.7-? In this manner systemic pressure could be maintained while | 
coronary dilatation and other nitroglycerin-related beneficial actions ^ 


were retained. 
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. Recent experience with other vasodilator agents 

suggests the possibility of multiple vascular receptor 

_ Sites with various degrees of responsiveness in different 

. vascular beds related to drug class or dose.!9-13 For ex. 
ample, systemic arteriolar dilatation appears to be the 
- predominant response to oral hydralazine,!!:!? whereas 

. prazosin and nitroprusside seem to have comparatively 

. more balanced arterial and venous actions.10-13 The 

_ influence of various doses of these agents on vascular 

- responses has not been completely clarified, but recent 

_ work suggests that small doses may have a greater effect 

- than large doses on certain receptors.10-1? These studies 
suggest to us that a differential effect between nitro- 
_ glycerin's direct cardiac and peripheral actions could 

_ possibly be attained by titrating the drug dose. 

— Accordingly, we studied the effect of graded doses of 
. nitroglycerin on the left coronary artery, coronary ves- 
sels filled by collateral branches and systemic arterial 
.responses in patients with coronary artery disease. 
_ Beginning with approximately one sixth of the usual 400 
- Ag clinical dose, we used angiographically assessed 
- coronary arterial and collaterally filled vessel size as a 
- quantitative index of nitroglycerin-related dilator ac- 
- tion.2 In previous studies,!4^ we have shown that 
measurements of coronary arterial diameter are useful 
-. for quantitating coronary responses to interventions. 

. Simultaneously obtained systemic arterial pressure 
_ responses were used to estimate net systemic arterial 
-. dilator effects. 


" Methods 


. Patients: Thirteen unpremedicated patients undergoing 
— diagnostically indicated catheterization studies to evaluate 
. a chest pain syndrome were studied after giving informed 
. consent. These were consecutive patients chosen only because 
. we believed their condition was clinically stable enough to 
- tolerate prolongation of cardiac catheterization for approxi- 
_ mately 20 minutes. Administration of nitrates was discon- 
_ tinued for at least 4 hours before the study. Patients who had 
_ Spontaneous angina or transient electrocardiographic changes 
— suggesting ischemia during the study were not included. 
_ Procedure: Left heart catheterization and coronary angi- 
ography were performed using the Sones technique. Before 
angiography, left ventricular and aortic pressures and elec- 
_ trocardiographic lead II were recorded during a control period. 
: H Mean aortic pressure was determined using electronic filtra- 
- tion and heart rate was assessed from the electrocardiogram. 
. Selective left coronary arterial angiography was performed 
. using hand injections of Renografin® 76 in a right anterior 
_ oblique view that minimized overlapping. High quality 105 
. mm photospot film coronary angiograms at 4 frames/sec were 
_ obtained using 4.5 or 6 inch (11.43 or 15.24 cm) image in- 
_ tensification (General Electric). The resolution of this pho- 
_ tospot system was consistently greater than 3.6 line pairs/mm. 
Patient position was maintained with each dose of nitro- 
glycerin by measuring the distance from the cardiac apex to 
_ the table top or the cradle angle. Relations between focal spot, 
. patient and height of the image tube were kept constant. To 
. avoid possible transient vasodilator effects of the contrast 
. agent, a minimum of 5 minutes was allowed between coronary 
. injections. Additionally, five patients chosen at random un- 
. derwent, after 5 minutes, repeat angiograms, at the same dose 
. of nitroglycerin. This allowed evaluation of possible sustained 


— 


D q i ; 

t n "M d y 4 
ffr XC Ben FENART ear aye 1h 
RHOGLYCERIN—FELDMAN- f f 





dilative effects of contrast medium or late effects of nitro- 


. glycerin. 


After the control angiogram, fresh sublingual nitroglycerin 
(Lilly, Indianapolis) was given, beginning with a dose of 75 ug. 
Three to 4 minutes after the crushed nitroglycerin dissolved, 
aortic pressure and the electrocardiogram were recorded and 
a left coronary arterial angiogram was taken. When blood 
pressure and electrocardiographic changes returned to 
preangiographic values, an additional 75 ug of nitroglycerin 
was administered (cumulative dose 150 ug). The same se- 
quence described was followed, and hemodynamic and angi- 
ographic studies were repeated. Finally, 300 ug of nitroglycerin 
(total cumulative dose 450 ug) was administered and the se- 
quence repeated. 'T'he total time lapse between the initial dose 
of nitroglycerin and the last angiogram ranged between 15 and 
18 minutes. 

Measurements: At each dose, photospot frames were 
matched for the same portion of end-diastole and heart po- 
sition by superimposing the coronary vessels. To ensure that 
the same diameters were examined at each dose, proximal 
coronary branch points were used as a reference point. Re- 
spective coronary arterial diameters were measured with a 
calibrated optical system (Finescale Magnifying Comparator, 
Orange, California). Measurements of coronary arterial di- 
ameters were made by placing the calibrated scale, (Finescale, 
Reticle no. 122), which is divided into 0.1 mm gradations, di- 
rectly over the preselected coronary arterial segment (Fig. 1). 
When viewed through the eyepiece, the calibrated scale and 
coronary arterial segment were both magnified X6. Diameters 
were measured to the nearest 0.1 mm. The diameters of oc- 
cluded vessels, visualized by retrograde filling, were measured 
in similar fashion and used as an index of collateral size. 

For every patient, all measurements of coronary arterial 
diameter at each dose were compared with the control mea- 
surement. The change in diameter was expressed in two ways: 
(1) pereent increase over the control measurement, and (2) 
percent of the maximal observed response after 450 ug of 
nitroglycerin. The intra- and interobserver variability of this 
measuring technique was evaluated from the photospot an- 
giograms of 10 patients. Intraobserver reproducibility of the 
technique was tested by comparing multiple measurements 
of a coronary arterial diameter or Sones catheter tip. In- 
terobserver reliability and variability were tested by com- 
paring "blinded" measurements of the four authors. Each of 
us measured coronary arterial diameters as outlined without 
knowledge of the results of his colleagues' evaluation. 

Data analysis: Data for each patient on coronary arterial 
diameter, mean aortic pressure and heart rate were grouped 
according to the dose of nitroglycerin. Mean values and 
standard error of the mean were calculated. Statistical analysis 
was performed using a repeated measures analysis of variance 
and an appropriate multiple comparison procedure.!5.!6 
Changes were considered statistically significant when they 
achieved a probability (P) value of <0.05 in both tests. Coef- 
ficients of variation were determined to test intraobserver 
variation. The method of Winer!® was used to estimate the 
reliability of the measurements made by all four observers. 


Results 


Patient data: Ten patients had reductions in coro- 
nary luminal diameter of more than 50 percent. Seven 
of these patients had three vessel disease and three had 
two vessel disease. The three remaining patients had no 
significant (more than 50 percent) coronary arterial 
narrowing. No difference was observed in responses of 
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coronary diameter or hemodynamic effects between the 
patients with and without significant coronary arterial 
narrowing. 

Measurement reproducibility and possible 
changes in coronary arterial diameter occurring 
independently of nitroglycerin: For all four observ- 
ers, in the 10 cases tested, the coefficient of variation 
ranged from 0 to 3 percent for measurements of the 
catheter tip and from 0 to 5 percent for measurements 
of proximal coronary arterial diameter. The reliability 
coefficient of “blinded” coronary arterial measurements 
among the four of us was 0.96 with an error of variance 
of 0.96. Measurements of coronary arterial diameter in 
five patients during repeat angiography, without ad- 
ditional nitroglycerin, had a coefficient of variation 
ranging from 0 to 5 percent. Thus reproducibility and 
reliability were considered excellent. 

Effect of cumulative doses of nitroglycerin on 
coronary arterial diameter: Twenty-three proximal 
coronary arterial diameters were measured from control 
angiograms and angiograms at each dose of nitroglyc- 
erin, yielding a total of 92 measurements. Diameter 
responses of the left anterior descending and circumflex 
arteries to nitroglycerin, expressed as percent increase 
compared with the control measurement, are shown for 
the 13 patients in Table I. The systematic trend of the 
diameter responses for all left coronary arterial branches 
measured was similar. No significant differences were 
observed among branches. At doses of 75 and 150 yg, left 
anterior descending coronary arterial diameter in- 
creased 10 + 3 percent and 20 + 3 percent, and left cir- 
cumflex coronary arterial diameter increased 9 + 2 and 
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FIGURE 1. Case 3. Close-up view of measuring device placed just distal 
to a branch point in the left anterior descending coronary artery. The 
scale is divided into 0.1 mm gradations. The same coronary arterial 
segment is shown before nitroglycerin (top left) and after nitroglycerin 
doses of 75 ug (top right), 150 ug (bottom left) and 450 um (bottom 
right). Note that the major coronary arterial dilation occurred with small 
doses of nitroglycerin. a 
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29 + 5 percent, respectively (all values significantly 
different [P «0.01] from the control value). The maxi- 
mal (450 ug) increase in diameter was 29 + 4 percent for 
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the left anterior descending and 29 + 5 percent for the — 
left circumflex artery, (both P «0.01 compared with the — 
control value). The greatest fractional increases in di- — 


ameter occurred with the smaller doses of nitroglycerin. - 


For all vessels, the increase in diameter was 34 and 72 
percent, respectively, of maximum at nitroglycerin 
doses of 75 and 150 yg (Fig. 2). There was a small but 


significant (P «0.01) difference between the responses 3 


at each dose (Fig. 2). 

Effect of cumulative doses of nitroglycerin on 
diameters of vessels filled by collateral vessels: 
Seven collaterally filled vessels from five patients were 
visualized before and after nitroglycerin yielding a total 
of 28 measurements. Nitroglycerin increased these 
coronary diameters 18 + 3 percent at a dose of 75 ug, 28 


+ 4 percent at a dose of 150 ug and 35 € 4 percentata — - 


TABLE I 


Percent Change in Coronary Arterial Diameter With Graded 
Doses of Nitroglycerin: 13 Patients 





Case Nitroglycerin Dose (ug) | 
no. Vessel CAD* 75 150 450 
1 LAD — 0 24 41 

LCx — 0 16 38 

2 LAD — 4 13 46 

LCx — 5 10 20 

3 LAD — 31 38 38 

LCx — 20 26 33 

4 LAD - 4 8 13 

LCx * 3 3 7 

5 LAD T 20 27 40 

LCx 13 14 21 29 

6 LAD T 0 10 20 

LCx 4 0 14 14 

7 LAD T 0 17 17 

LCx T 0 9 39 

8 LAD + 14 36 43 

LCx + 15 46 54 

9 LAD + 11 22 22 

LCx T 11 11 11 

10 LAD + 20 25 25 
LCx + 5 10 10 

RCA! + 30 40 50 

11 LAD + 13 17 22 
LCx T 15 31 31 

RCA'! T 20 30 40 

12 LAD T 4 7 11 
LCxt + 10 10 20 

13 LAD‘ + 11 33 39 
LCx + 25 56 56 

Om? * 20 29 33 

RCAT t 22 33 39 





* CAD = coronary artery disease (more than 50 percent reduction 
in luminal diameter). 

t Filling by collateral vessels. 

LAD = left anterior descending coronary artery; LCx = left circumflex 


coronary artery; OM = obtuse marginal branch; RCA = right coronary q 


artery. 
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dose of 450 ug (all values P «0.01 compared with the 
- control value and those with the preceding dose of ni- 
troglycerin. The increase in diameter after nitroglycerin 
- of vessels filled by collateral branches, expressed as 
_ percent of the control measurement for the five patients, 
is shown in Table I. Again, the greatest fractional in- 
creases in diameter, 51 and 80 percent of maximum, 
occurred with smaller doses (Fig. 2). There was a small 
but significant (P <0.01) difference between the re- 
‘sponses at each dose of nitroglycerin. Although the re- 
sponse of the vessels filled by collateral branches was 
greater than that of the proximal coronary arteries, this 
difference was not significant at any given dose. 

. Effect of cumulative doses of nitroglycerin on 
aortic pressure and heart rate: Mean aortic pressure 
and heart rate responses at each nitroglycerin dose are 
summarized in Figure 3. No significant change occurred 
with nitroglycerin doses of 150 ug or less. After 450 ug 
of nitroglycerin, aortic pressure decreased 11 + 2 mm 
Hg and heart rate increased 5 + 1 beats/min (both P 
<0.01). 


EU Discussion 


. Differential coronary and peripheral receptor 
responses to nitroglycerin: The purpose of this study 
was to evaluate coronary arterial and peripheral dilative 
effects of various doses of nitroglycerin. Our data indi- 

cate that the major increase in coronary arterial diam- 
eter occurs at a smaller dose than that causing signifi- 
cant changes in aortic pressure and heart rate (Fig. 2 and 
. 9). Examples of this type of dose response are shown in 
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FIGURE 2. Comparison of the effect of different doses of sublingual nitroglycerin (TNG) on dilatation of the left anterior descending (LAD), left circumflex 

| (LCX) and coronary collateral vessels (RETROGRADE FILLING). The coronary arterial diameter observed after a cumulative nitroglycerin dose of - 
- 450 ug was considered the 100 percent maximal effect and the control an 
. doses of 75 and 150 ug were expressed as percent of “maximal effect." 
_ responses in the left anterior descending, left circumflex and collateral vess 


giogram (without nitroglycerin’ was 0 percent. Responses observed with 
Significant dilatation occurred between each nitroglycerin dose. Group 
els were similar. N — number of vessels; p — probability; SEM — standard 


Figures 1 and 4. These observations suggest that the 
dilative receptors of both large left coronary arteries and 
vessels filled by collateral branches are similarly re- 
sponsive to small doses of nitrog!ycerin, whereas pe- 
ripheral receptors seem less responsive. Whether an 
increase in size of collaterally filled vessels (Fig. 5) in- 
dicates an increase in actual collateral size is not clear. 
In obstructed vessels filled by collateral branches, an 
increase in size may be related to both a dilative effect 
on the obstructed vessel and an inerease in distending 
force caused by dilatation of collateral vessels. Similar 
reasoning might explain why coronary arterial segments 
in patients with and without coronary artery disease 
responded comparably to nitroglycerin. We have noted 
dilation of some coronary stenoses after sublingual ni- 
troglycerin! but did not quantitate this effect with 
graded nitroglycerin doses. 

An alternative hypothesis to explain these findings 
is that a redistribution of the blood volume occurs from 
venous to arterial vessels with small doses of nitro- 
glycerin. If this were the case, blood pressure could be 
maintained despite similar nitroglycerin-induced sys- 
temic arterial dilatation. However, this possibility is at 
variance with the well known effect of nitroglycerin of 
dilating the large capacitance vessels. Regardless of the 
mechanism involved in the overall effect, small doses 
of nitroglycerin appear to effect major changes in cor- 
onary arterial diameter without causing a potentially 
deleterious reduction in blood pressure or increase in 
heart rate. With perfusion pressure maintained, such 
changes in diameter could be translated into large in- 
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FIGURE 3. Effects of different doses of sublingual nitroglycerin (TNG) 
on mean aortic pressure (AoP) and heart rate (H.R.). No significant 
hemodynamic alterations occurred at the 75 and 150 ug doses of ni- 
troglycerin. A significant decrease in blood pressure and increase in 
heart rate were apparent at a dose of 450 ug. * = significant difference 
from control value (P <0.01). SEM = standard error of the mean. 





FIGURE 4. Case 5. Example of arteriographic and 
hemodynamic responses with graded doses of 
nitroglycerin (NTG). Control prenitroglycerin an- 
giogram, mean aortic pressure (AoP) and heart 
rate (HR) are shown at top left. On the left side of 
the frame the reticle grid was placed over a seg- 
ment of the left circumflex artery (for illustrative 
purposes it was not on a branch point). After 75 
ug of nitroglycerin (top right), heart rate decreased 
2 beats/min, aortic pressure was unchanged and 
minimal generalized coronary dilatation was ap- 
parent. After 150 ug of nitroglycerin (bottom left), 
heart rate and aortic pressure did not change but 
additional coronary dilatation occurred. After 450 
ug of nitroglycerin (bottom right), heart rate in- 
creased 7 beats/min, aortic pressure decreased 
10 mm Hg, and an additional dilative effect oc- 
curred. — 
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crements in cross-sectional area available for potential 


increases in coronary blood flow. 


Our data suggest a differential coronary and pe- - 
ripheral receptor responsiveness to nitroglycerin. Either | 






a qualitative or quantitative coronary-peripheral re- 


ceptor difference could explain our observations. In the 
coronary circulation incremental dilatation was ob- 


served at each dose of nitroglycerin, whereas mean ar- - 


terial pressure was affected only by the largest dose. 
Potential limitations of study: Some of the poten- 
tial limitations of our study warrant comment. The 


accuracy of our method of measuring coronary arterial - 
diameter was not verified by comparison with an inde- - 


pendent technique. In this regard, future investigation 
would appear warranted in animal models. However, 


acceptable reproducibility was accomplished by con- 


trolling patient and equipment position and relations. 


Additionally, high resolution angiographic techniques ~ 


are a prerequisite to permit such calibrated measure- 


ments. Coronary diameter measurements had an ac- 
ceptably low coefficient of variation. The reliability - 


coefficient between the measurements of the four ob- 


servers was excellent. Limitations of this method, rel- — 


ative to the ability to detect slight changes in coronary 


arterial diameter, appear to be small. Also, the lack of 
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hemodynamic changes observed in the recumbent po-  - 


sition of the patients in the cardiac catheterization 


HR 87 
(AoP) 125 
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r . FIGURE 5. Case 13. Angiographic responses 
_ of a collaterally filled obtuse marginal branch 
. to graded doses of nitroglycerin. Control, 
 prenitroglycerin collaterally filled vessel seg- 
_ ment (top left) and the same vessel after ni- 
_ troglycerin doses of 75 ug (top right), 150 ug 
_ (bottom left) and 450 ug (bottom right). The 
— major vessel dilation occurred with small 
.. doses of nitroglycerin. 







. laboratory with small doses of nitroglycerin might not 
__ be valid in the ambulatory patient. 
_ Therapeutic implications: Whether the coronary 
_ arterial dilatation observed with small doses of nitro- 
— glycerin can provide clinical benefit remains to be 
_ tested, and the duration of this effect is unknown. Al- 
_ though changes in the diameter of coronary arterial 
- narrowings and coronary arterioles were not measured 
- in our study, small doses of nitroglycerin may have ef- 
— fected coronary resistance. Further investigation of 
. coronary blood flow responses to graded doses of ni- 
— troglycerin appears warranted. Additionally, small 
- doses of nitroglycerin could be useful in patients with 
| coronary arterial narrowing, in whom any significant 
- decrease in blood pressure may be detrimental. Similar 
. reasoning has led others to evaluate the hemodynamic 
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and clinical effects of nitroglycerin in combination with 
a vasopressor.’~9 These early observations suggest that 
prevention of peripheral hemodynamic effects that 
accompany nitroglycerin may be beneficial in animal 
models with acute ischemia?? and in patients with 
clinically stable ischemic heart disease.” 

Our results suggest that small doses of nitroglycerin 
result in significant coronary arterial and collateral di- 
latation without a significant reduction in systemic 
arterial pressure. These findings warrant further eval- 
uation in certain patient groups using small doses of 
nitroglycerin to test for possible clinical benefit. 
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Thirty-four patients who were resistant to conventional doses of lidocaine 
received procainamide intravenously according to a pharmacokinetically 
designed two infusion technique. A mean peak serum concentration of 
7.1 mg/liter was achieved with an average loading dose of 989 mg ad- 
ministered over 1 hour. A mean steady state serum concentration of 
procainamide of 6.5 mg/liter was achieved with a mean dose of 64.4 
mg/kg body weight for the first 24 hours of treatment. Dose, renal im- 
pairment, the degree of congestive heart failure and acetylator status 
influenced the steady state serum concentration of procainamide. Dan- 
gerous ventricular arrhythmias were abolished in 74 percent of the patients 
at a steady state level of 6.9 + 3.7 mg/liter (mean + standard deviation). 
Nonresponders to procainamide had a mean steady state serum con- 
centration of procainamide of 4.2 + 2.1 mg/liter (P <0.05). Systolic and 
diastolic blood pressures decreased moderately (10 and 8 percent, re- 
spectively), and heart rate decreased 11 percent. The infusion was in- 
terrupted in one patient because of hypotension. The duration of elec- 
trocardiographic conduction intervals was increased slightly in some 
patients. It is concluded that procainamide administered by this two 
infusion method is effective and well tolerated by most patients. 


Procainamide is an effective drug in the treatment of ventricular ar- 
rhythmias resulting from acute myocardial infarction.! Its efficacy de- 
pends in part on rapid achievement and maintenance of therapeutic 
serum concentrations of 4 to 10 mg/liter.2 The use of procainamide as 
a bolus injection er rapid intravenous infusion was common for a short 
time after the drug was introduced in 1951, but rapidly fell into disfavor 
because of troublesome and dangerous side effects including severe 
episodes of hypotension, tachycardia, atrioventricular (A-V) block and 
myocardial depression." During the past decade several investiga- 
tors?-!? reported that infusion of procainamide at rates of 25 to 50 
mg/min for 10 to 60 minutes completely abolished or significantly re- 
duced the frequency of ventricular arrhythmias in most patients. Fur- 
thermore, procainamide had no toxic effects either on conduction time 
as assessed with His bundle and electrocardiographic recordings??? or 
on the hemodynamic status of the patient as judged from measurements 
of heart rate, blood pressure and cardiac output.?-!? Although these 
studies show that short-term infusions of procainamide are safe and 
effective, there are no reports of the safety and efficacy of prolonged 
infusions of procainamide. 

Utilizing a pharmacokinetic approach, we recently designed a two 
infusion technique of administering procainamide in which therapeutic 
serum concentrations are rapidly achieved and maintained.!! To eval- 
uate the safety and efficacy of our method, in this study we gave pro- 
cainamide to patients with potentially life-threatening ventricular ar- 
rhythmias that were not adequately controlled with conventional doses 
of lidocaine. 





Patients and Methods 


Selection of patients: Patients were studied in the cardiac 
care unit of the Millard Fillmore Hospital. Before receiving 
procainamide, each patient had received conventional doses 
of lidocaine (one or more bolus injections of 50 to 200 mg fol- 
lowed by maintenance infusions ranging from 1 to 3 mg/min). 
Procainamide therapy was initiated when, in the opinion of 
the attending physician, treatment with lidocaine did not 
adequately control ventricular arrhythmic activity and the 
ventricular arrhythmias were considered dangerous or po- 
tentially life-threatening. Such arrhythmias included ven- 
tricular fibrillation, ventricular tachycardia, premature ven- 
tricular complexes associated with an acute myocardial in- 
farction, multifocal or paired premature ventricular com- 
plexes, R on T phenomenon and ventricular bigeminy. 

The severity of myocardial derangement just before 
treatment was evaluated according to a classification similar 
to that proposed by Killip and Kimball!2: class I, no clinical 
signs of congestive heart failure; class II, pulmonary rales; class 
III, pulmonary edema; class IV, cardiogenic shock. In addition, 
renal function in each patient was assessed by measuring 
serum creatinine values on the first day of treatment. These 
values were determined by SMAC Autoanalysis (Technicon 
Instruments), and renal function was considered impaired if 
the serum creatinine level was greater than 1.4 mg/dl. 

Protocol: Procainamide treatment was initiated according 
to a pharmacokinetically designed two infusion method pre- 
viously described.!! The loading dose of procainamide hy- 
drochloride infused over 1 hour ranged between 500 and 1,500 
mg with a mean value (+ standard deviation) of 989 + 306 mg. 
The wide range was due mainly to the fact that some patients 
had received procainamide by mouth or by intramuscular 
injection just before intravenous treatment and consequently 
received less than the full dose. The maintenance infusion, 
designed to maintain a steady state serum concentration of 
procainamide of 6 mg/liter, ranged between 84 and 374 mg/ 
hour (mean 181 + 70 mg/hour. This wide range was due to 
renal impairment in some patients who thus received about 
one-half of the prescribed dose. 

Before treatment with procainamide, the mean of at least 
10 blood pressure and heart rate recordings were determined. 
The values were compared with the mean values of similar 
measurements recorded every 5 minutes during the first hour 
of treatment and every hour thereafter for the duration of the 
infusion. Values for the duration of the P-R, QRS and Q-T 
intervals (normalized for rate according to Bazzett’s formula) 
measured on at least five different occasions before treatment 
with procainamide were averaged and compared with the 
average duration of each interval measured at various times 
during treatment. These data were obtained from rhythm 
strips recorded by a central nurse's console (model 915, 
Mennen-Greatbatch Electronics, Inc., Clarence, New York) 
at a paper speed of 25 to 50 mm/sec. 

Patient response to treatment with procainamide was 
graded independently by three cardiologists as follows: 0, no 
response; 1, no dangerous arrhythmias and frequent prema- 
ture ventricular complexes; 2, no dangerous arrhythmias and 
an occasional premature ventricular complex; 3, no dangerous 
arrhythmias and a rare premature ventricular complex; and 
4, complete abolishment of ventricular arrhythmias. The 
frequency of premature ventricular complexes was defined 
as rare if they occurred at a rate of less than 10/hour, occa- 
sional if they occurred at a rate of 0.2 to 5/min and frequent 
if they occurred at a rate of more than 5/min. 

Blood samples (4 ml) for analysis of procainamide and its 
N-acetylated metabolite, N-acetylprocainamide, were col- 
lected through an indwelling catheter at zero time and at 0.25, 
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|... PROCAINAMIDE INFUSIONS—LIMA E 


TABLE! 


Dose and Steady State Serum Concentrations of 
Procainamide and N-acetylprocainamide in 35 Patients 


Who Received Procainamide With the Two Infusion Method - | 
WNO OCT T Lr i rie ME 


Serum Concentration (mg/liter) 






54 


a 


Ld 
. 


N-acetylpro- 
Dose* Procainamide cainamide 
(mg/kg body Steady Steady 
weight) Peak State state 
Mean + SD 6444148 7.1428 65+ 38 5.7446 8 
Range 39.4-102 24-1322..." "ISSUE 1.1-20 


bul NE toic Oe DR UC asa 
* Total dose, including the loading dose, of procainamide hydro- - 
chloride administered during the first 24 hours of treatment. SD = © 


standard deviation. 


0.5, 1, 2,4, 8 and 24 hours during the infusion in most patients | 


and at later times in a few patients. Samples of urine were © d 


collected in some patients. Serum and urinary concentrations 


of procainamide and N-acetylprocainamide were assayed with | * 
high performance liquid chromatography as previously de- 


scribed.!? The acetylator phenotype of 27 patients was de- 


termined as described by Lima and Jusko!‘ and by Reiden- 


berg et al.!^ 
Results 


Clinical features of patients: Thirty-four patients i 
received procainamide on 35 occasions. (One patient 
was treated on two occasions separated by 8 months; his 


data, except for acetylator phenotyping, were analyzed 
as for two different patients.) There were 26 men and 
9 women ranging in age from 38 to 82 years (mean + 


standard deviation 60.9 + 10.7 years). Their weights 
ranged between 50 and 109 kg (mean 77.1 + 14.1kg). - 
Sixty-seven percent (18 of 27) had a slow acetylator | 
phenotype, 26 percent (7 of 27) a fast acetylator phe- — 
notype and 7 percent (2 of 27) were considered to have 
an intermediate phenotype. The acetylator phenotype. " 


are 


of seven patients was not determined because of tech- — 
nical difficulties in analyzing serum and urinary con- - 
centrations of procainamide and N-acetylprocainamide. | 

Eleven patients had renal impairment with serum cre- - 
atinine concentrations ranging between 1.5 and 5.0 | 


mg/dl (mean 2.6 + 1.2). 


In 57 percent of the patients (20 of 35), an acute 4 
myocardial infarction confirmed by electrocardiogram 


and serial creatine kinase (CK) determinations was a 


diagnosed as the primary cause of ventricular arrhyth- 
mias. In the remaining 15 patients coronary artery 
disease (nine patients), coronary artery disease com- 


plicated by congestive heart failure (three patients) and - 


it 


digitalis toxicity, mitral insufficiency and alcoholic | 


cardiomyopathy (one patient each) were diagnosed as 


the primary cause of ventricular arrhythmias. 
Ventricular tachycardia was the most common ven- 
tricular arrhythmia, affecting 26 patients (74 percent). 
Five patients had paired premature ventricular com- 
plexes, two had premature ventricular complexes as- 


sociated with acute myocardial infarction and two had . 


ventricular bigeminy. 


At the initiation of procainamide treatment, 14 pa- 


tients had no evidence of congestive heart failure (class 
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.. I), 14 had pulmonary rales (class II) and 7 had pulmo- 
nary edema (class III). 
. Serum concentrations of procainamide and N- 
 acetylprocainamide: The concentrations achieved 
with the two infusion method are summarized in Table 
_ I. The average peak serum concentration of procain- 
amide was 7.1 mg/liter, and the average steady state 
serum concentration was 6.5 mg/liter. The factors ac- 
counting for variability in steady state serum concen- 
trations of procainamide included differences in dose, 
renal impairment, the severity of congestive heart 
failure and the acetylator phenotype of the patient. 
These relations are summarized in Figures 1 and 2. The 
. coefficient of correlation between the dose of procain- 
 amide hydrochloride normalized for body weight and 
its steady state serum concentration was 0.45, indicating 
- that only 20 percent of the variability was accounted for 
by dose (Fig. 1). 
_ The steady state serum concentration of procain- 
| amide normalized for dose and body weight was 1.5 
_ times higher in patients with renal impairment (Fig. 2). 
- To assess the relation between steady state levels of 
procainamide and the severity of congestive heart fail- 
ure, patients with renal impairment were excluded from 
the analysis. Because the steady state serum concen- 
trations of procainamide normalized for dose and body 
weight did not differ in patients with or without pul- 
‘monary rales, these data were combined and compared 
-. With the data in patients with pulmonary edema (class 
IID. The steady state serum concentration of procain- 
_ amide normalized for dose and body weight in patients 
with pulmonary edema was almost twice that observed 
in patients judged to be in class I or II (Fig. 2). Patients 
with renal impairment (11 patients) and pulmonary 
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edema (4 patients) had elevated serum levels of pro- 
cainamide and were therefore excluded from the anal- 
ysis of the influence of acetylator status. An additional 
three patients were excluded from this analysis because 
one had an unknown acetylator phenotype and two had 
an intermediate phenotype. Of the remaining 15 pa- 
tients, 11 were judged to have a slow and 4 a fast acet- 
ylator phenotype. The steady state serum concentration 
of procainamide normalized for dose and body weight 
was 1.6 times higher in patients with a slow acetylator 
phenotype. 

The steady state serum concentration of N-acetyl- 
procainamide in these patients averaged 5.7 mg/liter 
and varied considerably (Table I). Because the acety- 
lation of procainamide is bimodally distributed, and the 
acetylated metabolite is almost entirely eliminated in 
the urine,!6 steady state serum concentrations of N- 
acetylprocainamide will vary as a function of acetylator 
phenotype and the severity of renal impairment.!? 'The 
mean ratio of the steady state serum concentrations of 
N-acetylprocainamide and procainamide in patients 
with a slow and fast acetylator phenotype with no renal 
impairment was 0.56 + 0.16 and 1.6 + 0.41, respectively 
(P «0.001). In contrast, this ratio in patients with renal 
impairment ranged between 0.4 and 2.5. 

Antiarrhythmic efficacy: Ventricular arrhythmias, 
including dangerous arrhythmias, were almost or 
completely abolished (responses 3 and 4, respectively) 
in 18 patients (51 percent). In an additional eight pa- 
tients (23 percent), procainamide was effective in 
abolishing dangerous ventricular arrhythmias, but oc- 
casional to frequent premature ventricular complexes 
remained (responses 2 and 1). In nine patients (26 
percent), procainamide was not effective in completely 


FIGURE 1. Relation between dose of procainamide hy- 
drochloride (PA HCl) administered to patients during the 
first 24 hours of the infusion, normalized for body weight 
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and steady state serum concentrations of procain- 
amide. 
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suppressing dangerous ventricular arrhythmias. Al- and probably would not have been abolished at higher : 
though procainamide reduced the frequency of ven- procainamide concentrations. Although steady state — 
tricular arrhythmias in seven of these patients, the re- serum concentrations of procainamide were higher in - 
sponse was graded 0 because dangerous arrhythmias responders than in nonresponders, the difference did . 
persisted, and additional treatment was instituted. not achieve statistical significance. However, when the | 
The pattern of the response was similar and dis- patient with the steady state level of 15 mg/liter was - 


tinctive in all patients who responded (graded responses 
1 to 4). Dangerous ventricular arrhythmias were com- B. 
pletely abolished within 30 minutes after the loading ¥ 
infusion was started. Graded responses to procainamide E 
were based on the entire duration of the infusion and 
were evident in most patients at the end of 1 hour. 
The relationship between response and steady state 
serum concentrations of procainamide is summarized 
in Figure 3. Steady state serum concentrations of pro- 
cainamide were within the reported therapeutic range 
of 4 to 10 mg/liter in 14 patients, less than 4 mg/liter in 
13 patients and greater than 10 mg/liter in 7 patients. 
Ventricular tachycardia in three of the nonresponders 
was completely suppressed during the loading dose but 
returned during the maintenance infusions. This finding 
suggests that these patients would have been included 
as responders had serum concentrations of procain- 
‘amide been maintained at levels achieved during the 
loading infusion. In contrast, ventricular tachycardia 
in one patient persisted despite steady state serum 
concentrations of procainamide of 15 mg/liter (Fig. 3) 
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FIGURE 3. Relation between antiarrhythmic response (graded 0 to 4) — 
and steady state serum concentrations of procainamide. (The steady — 
state serum concentration of procainamide was not determined in one 
patient because of difficulties in analysis.) L = liter. * 
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degree of congestive heart failure and acetylator phenotype. L = liter; FIGURE 4. Effect of procainamide on systolic and diastolic blood 
1, H, ul à classification of myocardial derangement (see text); p — pressures and heart rate (mean + standard error of the mean). White 
probability. | bar — pretreatment; hatched bar, during treatment. p — probability. 
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TABLE II 

E ffect of Procainamide on the Duration of 

. Electrocardiographic Intervals 

E Interval Duration (sec) 
t (mean + SD) 


E. Patients Before During 
. Interval — (No.) Treatment Treatment P Value 
PR 19  0.16840.028 0.186+40.032 <0.05 
— QRS 11 0.080 + 0.017 0.093 + 0.016 <0.05 
E OT 11 0.370 + 0.036 0.397 + 0.033 «0.05 


a .P = probability; SD = standard deviation. 






















- excluded from analysis, the mean steady state serum 
— concentration of 6.9 + 3.7 mg/liter achieved in re- 
 sponders differed significantly from the mean level of 
4.2 + 2.1 mg/liter in nonresponders (P <0.05). 
- Further analysis of Figure 3 shows that 15 of the 23 
patients with a steady state serum concentration of 8 
. mg/liter or less responded to treatment, whereas all of 
. the 10 patients with a steady state serum concentration 
- of more than 8 mg/liter (excluding the patient with a 
procainamide level of 15 mg/liter) responded (chi square 
= 4.59, P «0.05). These data suggest that serum con- 
- centrations of procainamide of at least 8 mg/liter are 
required by some patients to suppress dangerous ven- 
— tricular arrhythmias. 
. Effect of procainamide on blood pressure and 
heart rate: The effect of procainamide on systolic and 
- diastolic blood pressures and heart rate are summarized 
- in Figure 4. Procainamide significantly decreased sys- 
_ tolic and diastolic blood pressures by 10 and 8 percent, 
- respectively, in 27 patients (77 percent); blood pressures 
- increased slightly or were unchanged in the remaining 
pent. Systolic and diastolic blood pressures began 
_to decrease during the initial 5 minutes of the loading 
infusion and continued to decrease gradually for about 
—. 1 hour, a period corresponding to the end of the loading 
-— infusion and the beginning of the maintenance infusion. 
. It was expected that during the maintenance infusion 
blood pressure would increase from its lowest point 
achieved at the end of the loading infusion. However, 
_ this was not the case because the mean systolic blood 
_ pressure and mean diastolic blood pressure during the 
—A maintenance infusion did not change from the mean 
. value obtained during the loading infusion. Oddly, the 
. magnitude of the decrease in systolic and diastolic blood 
. pressures was not related to peak or steady state serum 
. concentrations of procainamide, the amount or rate of 
administration of the loading dose, the initial blood 
pressure before treatment or the severity of congestive 
heart failure. The loading and maintenance doses of 
procainamide were well tolerated by all but one patient 
-whose loading infusion was interrupted owing to a 17 
. percent decrease in systolic blood pressure. 
| Infusion of procainamide caused the heart rate to 
decrease 11 percent in 18 patients; in 14 patients the 
. heart rate increased slightly or stayed the same. The 
. heart rate in three patients was not assessed because of 
. a functioning pacemaker implanted in two patients and 
. the presence of atrial fibrillation in one. 
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Effect of procainamide on electrocardiographic 
conduction intervals: The effect of procainamide on 
the duration of the P-R, QRS and Q-T intervals is 
shown in Table II. The data in three patients were ex- 
cluded from analysis because of the poor quality of the 
rhythm strips before treatment. Procainamide signifi- 
cantly increased the duration of the P-R interval in 17 
patients (59 percent). The increase was related to steady 
state serum concentration of procainamide and to the 
initial duration of the P-R interval. The mean steady 
state serum concentration of procainamide was 8.4 + 
4.0 mg/liter in the 17 patients whose P-R interval was 
increased and 4.4 + 3.0 mg/liter in the remaining 12 
patients (P <0.01). The mean duration of the P-R in- 
terval before treatment was 0.176 + 0.028 second in 
those patients whose P-R interval was increased and 
0.191 + 0.025 second (P <0.01) in the remaining pa- 
tients. Five patients had a first degree A-V block (P-R 
interval 0.22 second or more) before treatment, and 
procainamide did not cause a higher degree of A-V block 
in these patients nor were any A-V blocks associated 
with its use in the remaining 24 patients. The duration 
of the P-R interval was not measured in three patients 
owing to an implanted pacemaker in two patients and 
the presence of atrial fibrillation in one. 

The duration of the QRS interval was increased as 
a result of treatment with procainamide in 11 patients _ 
and remained unchanged in 21. Although the mean - 
steady state serum concentration of procainamide in 
these two groups was 7.9 + 3.6 and 5.6 + 4.0 mg/liter, 
respectively, the difference did not achieve statistical 
significance (0.1 > P > 0.05). - 

The procainamide-mduced increase in the duration 
of the Q-T interval in 11 patients was related to the 
value of the interval before the drug infusion. Before 
treatment with procainamide, the Q- T interval had a 
mean duration of 0.396 + 0.043 secondin patients whose 
interval was unchanged or slightly decreased with 
procainamide compared with a duration of 0.370 + 0.036 
second (P «0.05) in patients whose interval was sig- 
nificantly increased. 

Morbidity and mortality: One patient had symp- 
toms of toxicity associated with procainamide including 
nausea, vomiting, diaphoresis and malaise. Her steady 
state serum concentrations of procainamide and N- 
acetyl-procainamide were 17.0 and 20.1 mg/liter, re- 
spectively. 

Four patients died during hospitalization. Three were 
not receiving procainamide intravenously at the time 
of death. One patient died during the maintenance 
infusion, 48 hours after procainamide treatment was 
started. In none of these was procainamide judged to be 
a contributing factor. 


Discussion 
Response 
Our results indicate that procainamide administered 
according to our regimen is effective in abolishing 
dangerous ventricular arrhythmias in patients who fail 
to respond to lidocaine. Although spontaneous remis- 
sion or the administration of other drugs including 
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lidocaine may have accounted for the good response in 
74 percent of our patients, this is unlikely because the 
pattern of response was consistent with the manner in 
which procainamide was administered and with its 
pharmacodynamics. The relation between therapeutic 
response and serum concentrations further supports our 
conclusion that procainamide is effective. 

Minimal therapeutic serum concentration of 
procainamide: Koch-Weser and Klein!? reported that 
therapeutic serum concentrations of procainamide 
range between 4 and 8 mg/liter. They further reported 
that concentrations of 12 mg/liter or higher are associ- 
ated with minor to major signs of toxicity including 
gastrointestinal disturbances, hypotension, conduction 
disturbances and ventricular arrhythmias. Close ex- 
amination of their data indicates that steady state 
serum concentrations of 10 to 14 mg/liter were achieved 
in some patients with daily doses of procainamide hy- 
drochloride of 2 to 4 g, suggesting that at least some of 
their patients had significant renal impairment. Because 
N-acetylprocainamide is almost exclusively excreted 
unchanged in urine, its serum concentrations can exceed 
those of procainamide by a factor of 2 or 3 in patients 


with renal impairment. Because N-acetylprocainamide 


was not measured in Koch-Weser and Klein's patients, 


it is unknown to what extent N-acetylprocainamide 
contributed to toxicity as well as to therapeutic benefits, 
both of which were attributed solely to procainamide. 
In more recent studies,’ ventricular arrhythmias were 


suppressed in patients at serum concentrations of 4 to 


12 mg/liter when procainamide was infused at rates of 
25 to 50 mg/min for short periods of time. In these pa- 
tients, as well as in most of our patients, it is unlikely 
that N-acetylprocainamide contributed to the thera- 
peutic response because serum concentrations of N- 
acetylprocainamide were negligible at the time the re- 
sponse was observed. Thus, it may be concluded that 
serum concentrations of procainamide of 4 mg/liter 
represent the minimal therapeutic level. 

Minimal toxic serum concentrations of pro- 
cainamide: The serum concentration of procainamide 
at which minor to major signs of toxicity are likely to 
occur is unclear. The value of 12 mg/liter proposed by 
Koch-Weser and Klein!? is probably not reliable be- 
cause of the presence of N-acetylprocainamide. Other 
investigators’ !° reported that peak plasma concen- 
trations of procainamide of 10 to 42 mg/liter achieved 
with short-term infusions caused no apparent ill effects. 
The highest serum concentration of procainamide we 
encountered in our study during the loading infusion 
was 13.2 mg/liter. Although most of the patients expe- 
rienced a moderate decrease in blood pressure, in only 
one patient was it necessary to interrupt the loading 
infusion. Furthermore, seven patients had steady state 
serum concentrations of procainamide higher than 10 
mg/liter, the upper limit of the reported therapeutic 
serum concentration range. Only one of these had signs 
of minor toxicity and, although she had the highest 
serum concentration of procainamide (17 mg/liter), she 
also had the highest serum concentration of N-acetyl- 
procainamide (20.1 mg/liter). Five patients in our study 
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had a steady state serum concentration of the sum of - 
procainamide and N-acetylprocainamide of 21 to 25 — 
mg/liter with no apparent signs of toxicity. These data — 
suggest that patients can safely tolerate serum con- — 
centrations of procainamide higher than 10 to 12 mg/ 2 
liter as long as the sum of the parent compound and its 
active metabolite do not exceed serum concentrations - 
of 25 to 30 mg/liter. : 
Optimal serum concentrations of procainamide: | 
A more relevant consideration than'the minimal ther- . 
apeutic or the minimal toxic serum concentration of - 
procainamide is the serum concentration associated 
with the highest proportion of responders. Our data . 
indicate that steady state serum procainamide con- - 
centrations of 8 to 12 mg/liter were optimal in our pa- — 
tients. Although it is unknown whether nonresponders _ 
would have responded at higher serum concentrations, 
or whether responders would have responded equally . 
well at lower serum concentrations, the fact remains — 
that virtually all of the patients with steady state serum 
concentrations of procainamide of 8 mg/liter or more  : 
responded. Because of the nature of our study design, — 
we cannot state for certain that nonresponders to lido- 
caine or to conventional doses of procainamide will re- . 
quire doses of procainamide that will achieve serum  - 
concentrations higher than the recommended range of 
4 to 10 mg/liter. However, we do recommend that in 
nonresponders with a steady state serum procainamide — : 
concentration of 8 to 10 mg/liter or less, itis worth the 
effort to increase the dose of procainamide. A patient | 


-> 


who fails to respond to doses of procainamide that 


achieve a steady state serum concentration of procain- . 
amide and N-acetylprocainamide of 25 to 30 mg/liter 
is unlikely to respond to larger doses. E 


Safety ? 


Hypotension and decrease in heart rate: ‘These 
effects are consistent with procainamide's action as a 
cardiac depressant. Previous sutdies’ of intravenous 


procainamide in patients have shown that these alter- a 


ations are related to the size and rate of the dose given, 
and probably to the clinical status of the patient. Our 
study indicates that procainamide given according to 


our regimen is safe and well tolerated by most patients. — 


Because it was not possible to identify which patients 


T4 






are susceptible to procainamide-induced hypotension, 3 


all patients treated with procainamide according to our 
regimen should be monitored often for changes in blood 
pressure alterations, especially during the loading 


infusion. If blood pressure falls by 20 to 25 percent, the — : 


loading infusion should be interrupted or decreased. 


Electrocardiographic changes: The procain-  - 


amide-induced changes in the duration of electrocar- 
diographic intervals observed in our patients are in 
reasonable agreement with the data reported by others, 
and are consistent with procainamide's action as a type 
1 antiarrhythmic drug.!? However, in contrast to the 
findings reported by others,”° the duration of the P-R 
interval was a more consistent and sensitive index than 
the QRS or Q-T intervals of the electrophysiologic ef- 
fects of procainamide. The reasons for this are probably 


e 
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related to the instability of our patient population and 


_ the presence of other drugs that may have influenced 
. electrocardiographic intervals. Further, because our 
. primary objective was to detect large, clinically signif- 


icant changes in the duration of electrocardiographic 


intervals, and because we had no prior knowledge of 


- which patients were to receive procainamide intrave- 
. nously, the use of more elaborate techniques to obtain 
= more precise measurements of the intervals was not 
. practical. Consequently, small electrocardiographic 


? ^ 


changes induced by procainamide, especially in the 


3 — duration of the QRS and Q-T intervals, would have been 


undetected. Of considerable clinical importance is that 
no patient experienced A-V block and no important 
changes in conduction velocity were evident when 


- procainamide was given according to our dosage regi- 


men. 
Advantages of two infusion intravenous method: 


= In addition to its efficacy and safety, the intravenous 
. administration of procainamide according to our dosage 


regimen offers advantages over the conventional 


. methods of dosing. Therapeutic serum concentrations 


— of procainamide are rapidly achieved in 15 minutes, 
_ whereas serum concentrations of an oral or intramus- 
. cular dose of procainamide require considerably more 
_ time to achieve therapeutic levels. Because oral or in- 


= tramuscular doses of procainamide are not retrievable 


. when given to a patient, toxicity—if it occurs—must 
. either be allowed to run its course or be counteracted 


—. with supportive treatment. When the drug is introduced 


_ directly into the circulatory volume, signs of toxicity are 
- rapidly abated by stopping the infusion and one usually 
. need not resort to supportive treatment. Other methods 


of administering procainamide intravenously offer no 
definitive instructions regarding maintenance therapy. 


= Multiple infusions of procainamide of 50 mg/min for 2 
. minutes effectively control arrhythmic activity, but 


T3 


serum concentrations fall rapidly necessitating further 
intravenous doses.’ Our provision of a maintenance 


infusion sustains serum concentrations in the thera- 


peutic range and therefore protects the patient 


_ throughout the duration of the infusion. Procainamide 
. administered accordingly has an additional advantage 
—. over lidocaine, namely, the availability of an oral dosage 
_ form. Once steady state serum concentrations of pro- 
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cainamide and N-acetylprocainamide are obtained with 
our infusion, the appropriate oral dose, taking into ac- 
count both compounds, can be easily calculated and 
implemented. 


Dosing Recommendations 
In previous studies! '-!7 of the pharmacokinetics of 


. procainamide administered to patients according to our 


dosage regimen we recommended a maintenance infu- 
sion of 2.8 mg/kg per hour for the typical patient with 


cardiac disease and 1.4 mg/kg per hour for the patient 
with renal impairment. Because the volume of distri- 
bution of the central compartment, which includes the 
circulatory blood volume and highly perfused tissue, was 
not influenced significantly by renal impairment, the 
recommended loading infusion of 17 mg/kg need not be 
adjusted in patients with renal dysfunction. Because we 
cannot state for certain whether the steady state serum 
concentration of procainamide in patients with severely 
impaired cardiac function is due to a decreased volume 
or decreased elimination, or both, we recommend that 
such patients receive a loading dose of 12 mg/kg for the 
first hour and a maintenance infusion of 1.4 mg/kg per 
hour. 


Acetylator Phenotype 


Consistent with our previous findings!? and those of 
others,?^?? patients with a fast acetylator phenotype 
clear procainamide more rapidly than those with a slow 
acetylator phenotype. Because acetylator status cannot 
be practically determined before dosing, phenotyping 
need not be considered initially. However, patients with 
a slow acetylator phenotype appear to be at greater risk 
of having procainamide-induced systemic lupus er- 
ythematosus.???4 The acetylator phenotype of patients 
receiving procainamide' may be easily determined by 
analysis of serum and urinary concentrations of pro- 
cainamide and N-acetylprocainamide at steady state. 
In addition to phenotyping acetylator status, it is im- 
portant to measure the steady state serum concentra- 
tions of procainamide and N-acetylprocainamide be- 
cause both compounds have antiarrhythmic proper- 
ties.?^?6 For these reasons, the maintenance infusion 
should be continued in patients for at least 24 hours 
before oral dosing is substituted. 

Earlier studies?! of acetylation polymorphism indi- 
cate that the white population of North America is ap- 
proximately evenly distributed into subjects with slow 
and fast acetylator phenotypes.2’ The disproportion- 
ately high fraction of those with a slow acetylator phe- 
notype in our study was unexpected and may be ex- 
plained on the basis of dose-dependent nonlinear ki- 
netics. Recent evidence suggests that the acetylation 
pathway for certain drugs including isoniazid,?? sul- 
famethazine,?? hydralazine?? and procainamide?! may 
be saturable. If this is the case, the acetylation clearance 
of procainamide and the steady state N-acetylpro- 
cainamide/procainamide ratio will decrease with in- 
creasing dose. Consequently, subjects with a fast acet- 
ylator phenotype may be misclassified as having a slow 
acetylator phenotype. i 
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The effect of intravenous acebutolol versus saline solution on frequent 
premature ventricular complexes was evaluated in a double-blind, ran- 
domized study in 20 patients, including 3 with chronic obstructive pul- 
monary disease. Frequent premature ventricular complexes were abol- 
ished or reduced by 75 percent or more in none of 12 patients given saline 
solution but in 18 of 20 patients (90 percent) given acebutolol (P « 0.001). 
This therapeutic effect of acebutolol persisted for at least 2.5 hours in 17 
of 20 patients (85 percent), for at least 3.5 hours in 14 (70 percent) and 
for at least 4 hours in 8 (40 percent). Acebutolol was well tolerated by 
the three patients with chronic obstructive pulmonary disease. These data 
indicate that intravenous acebutolol is useful in the treatment of premature 
ventricular complexes. 


Beta adrenergic blocking agents have been used to treat ventricular ar- 
rhythmias.!-!! Acebutolol, (+)-1-(2-acetyl-4-butyramidophenoxy)-3- 
isopropylaminopropan-2-ol hydrochloride, is a new cardioselective beta 
adrenergic blocking agent with weak intrinsic sympathomimetic activity 
that appears to be advantageous.!?.!? In this double-blind, randomized 
study we compared the efficacy of intravenous acebutolol with that of 
normal saline solution in the treatment of 20 patients with frequent 
premature ventricular complexes. 


Material and Methods 


Patients: Twenty men aged 43 to 73 years with 6 or more premature ven- 
tricular complexes/min were studied. Table I indicates the origin of the pre- 
mature complexes. No patient was taking antiarrhythmic medication. Three 
patients had mild or moderately severe chronic obstructive pulmonary disease. 
The data from all patients were included in the results. 

A standard 12 lead electrocardiogram was obtained before the study. 
Throughout the study, each patient was observed by a cardiology fellow, and 
cardiac rhythm was monitored continuously. Blood pressures were obtained at 
the time cardiac rhythm strips were obtained. 

Protocol: During a 30 minute control period, in which cardiac rhythm strips 
were recorded every 5 minutes for 3 minutes, the 20 subjects had an average of 
6 or more premature ventricular complexes/min. After the control period, agent 
A (acebutolol mixed with normal saline solution or normal saline solution alone) 
was injected intravenously in a double-blind, randomized manner. A nurse or 
technician prepared the solutions, which were identical in appearance and 
handed the syringes to the cardiology fellow without identifying the contents. 

Each dose of acebutolol was 0.33 mg/kg body weight mixed with normal saline 
solution for a total volume of 5 ml and was administered over 10 minutes. Up 
to three doses were administered. Thus the maximal amount of acebutolol given 
to any patient was 1.0 mg/kg mixed with normal saline solution to a volume of 
15 ml and administered over 30 minutes. Similarly, each dose of normal saline 
solution was 5 ml administered over 10 minutes with a maximal amount of 15 
ml administered over 30 minutes. Rhythm strips were recorded every 5 minutes 
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TABLE | 
Effect of Intravenous Acebutolol Versus Saline Solution on Premature Ventricular Complexes | 
Average Number of PVCs/Min a 
10 10 : T 
Prior Min Min 20-60 90-150 180-210 240 8 
Anti- AC Control After After Min Min Min Min 
Case Cause of Arrhythmic Dose Period Agent Agent After After After After 
no. Arrhythmia Medication (mg/kg) +1 SD A B AC AC AC AC 
A. Acebutolol as Agent A and Saline Solution as Agent B 2 
1 IHD None 1.0 35+3 25 40 39 41 39 98 Tm 
2 IHD, COPD None 0.33 41 t 1 0 (ue 0 0 0 0 o 
3 IHD None 0.33 RER 0 0 0 0 5. a 
4 IHD None 1.0 192 1 2 4 2 2 S 
5 IHD None 1.0 27 3:1 4 3 3 9 21 . 15 
6 Unknown None 1.0 6+2 0 u- 1 1 z 5. 28 
ri IHD None 1.0 14 t 1 13 14 14 14 18 20 * 
8 Unknown ` None 0.67 94-2 0 im 0 0 0 0 E 
9 IHD None 0.33 12 04:2 0 0 0 1 12 4 
10 IHD, COPD None 1.0 8+2 1 1 2 9 8 ^ 
B. Saline Solution as Agent A and Acebutolol as Agent B ý- 
11 IHD None 1.0 20106 17 0 0 0 1 0 
12 IHD None 0.67 37 i8 45 0 1 0 0 0 * 
13 IHD None 1.0 1144 10 1 1 1 0 2 a 
14 IHD None 1.0 38 t7 36 2 3 5 7 20 7 
15 IHD None 1.0 38 + 2 34 3 3 3 5 22 
16 COPD None 1.0 24 +1 14 0 3 2 3 9 
17 IHD None 1.0 48 t 1 44 10 9 6 15 27. 439 
18 IHD None 1.0 26 t0 21 1 0 0 0 0 
19 IHD, RHD, AI None 0.67 19 € 1 17 0 2 7 13 13 
20 Unknown None 1.0 29 $2 24 0 0 0 0 0 





AC = acebutolol; Al = aortic insufficiency; COPD = chronic obstructive pulmonary disease; IHD = ischemic heart disease; Min = minutes; 


PVCs = premature ventricular complexes; RHD = rheumatic heart disease; SD = standard deviation. 


for 3 minutes during infusion of agent A. One, two or three 
doses of agent A were administered according to the clinical 
response. 

If agent A caused a 75 percent or greater reduction in pre- 
mature ventricular complexes, the patient was followed up for 
4 hours. If a 75 percent or greater reduction did not occur by 
10 minutes after infusion of the third dose of agent A, agent 
B (the other medication) was given in the same manner as 
agent A. Cardiac rhythm strips were recorded every 5 minutes 
for 3 minutes during infusion of agent B. Three minute cardiac 
rhythm strips were obtained during the 4 hour follow-up pe- 
riod after administration of agent A (if agent B was not given) 
or 10, 20, 30, 40, 50, 60, 90, 120, 150, 180, 210 and 240 minutes 
after administration of agent B. 


Results 


No adverse effects occurred after treatment with 
acebutolol or normal saline solution. Table IA indicates 
for the 10 patients with frequent premature ventricular 
complexes receiving acebutolol as agent A and normal 
saline solution as agent B the dose of acebutolol ad- 
ministered, the average number of premature ventric- 
ular complexes per minute for the 30 minute control 
period and for the following treatment periods: 10 
minutes after agent A, 10 minutes after agent B (if agent 
B was administered) and 20 to 60, 90 to 150, 180 to 210 
and 240 minutes after administration of acebutolol. 
Table IB shows the same data for the 10 patients given 
normal saline solution as agent A and acebutolol as 
agent B. 

Table I indicates that frequent premature ventricular 
contractions were abolished or decreased by 75 percent 
or more in 18 of 20 patients (90 percent) by acebutolol 
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and in 0 of 12 patients by normal saline solution (chi 
square — 24.68, P «0.001). After administration of 
acebutolol, frequent premature ventricular complexes 
were abolished or decreased by 75 percent or more for 
1 hour in 18 of the 20 patients (90 percent), for 2.5 hours 


in 17 (85 percent), for 3.5 hours in 14 (70 percent) and 


for at least 4 hours in 8 of the 20 patients (40 per- 
cent). 

The mean resting heart rate for the 10 patients given 
normal saline solution as agent A was 83.4 + 10.4 
beats/min before saline solution and 83.2 + 11.3 
beats/min 10 minutes after saline solution (difference 
not significant). The mean resting heart rate for the 20 
patients receiving acebutolol was 82.8 + 10.7 beats/min 


before acebutolol and 62.3 + 7.6 beats/min 10 minutes  . 


after acebutolol (t = 11.17, P «0.001 ). 


Discussion 


In our double-blind, randomized study frequent 
premature ventricular complexes were abolished or 
reduced by 75 percent or more in 18 of 20 patients (90 
percent) treated with acebutolol but in 0 of 12 patients 
treated with normal saline solution. This therapeutic 
effect of acebutolol lasted for at least 3.5 hours in 14 of 
the 20 patients (70 percent). Although acebutolol clearly 
suppresses premature ventricular complexes, the clin- 
ical importance of suppressing these complexes is not 
known. 


Gradman et al.!! demonstrated that acebutolol ad- - l 


ministered orally in doses of 300 mg every 8 hours 
caused a more than 70 percent reduction in premature 
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ventricular complexes in 8 of 11 patients (73 percent). 
7 phis therapeutic effect was present throughout the 24 
- hour monitoring period. Acebutolol slowed the heart 
. rate and prolonged the P-R interval without affecting 
w the Q-T interval. 

During long-term oral therapy with acebutolol, an 
P Witi metabolite is present in concentrations exceeding 
_ those of acebutolol itself.!!:!4 This acetyl metabolite 
contributed to the antiarrhythmic effect observed after 
. oral administration of acebutolol.!! After intravenous 
administration of acebutolol, as in our study, very little 
- acetyl metabolite is formed. Therefore, we are mea- 
. suring primarily the effects of acebutolol, whereas 
-. Gradman et al.l! were measuring the effects of both 
=~ acebutolol and its acetyl metabolite. 

= Cardioselective beta adrenergic blocking drugs have 
» mes npeutic advantages over beta adrenergic blocking 


y 
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E 1. Luria MH, Adelson El, Miller AJ: Acute and chronic effects of an 
| ' adrenergic beta-receptor blocking agent (propranolol) in treatment 
— A of cardiac arrhythmias. Circulation 34:767-773, 1966 
= 2. Schamroth L: Immediate effects of intravenous propranolol on 
— A A various cardiac arrhythmias. Am J Cardiol 18:438-443, 1966 
= 3. Turner JRB: Propranolol in the treatment of digitalis-induced and 
.  digitalis-resistant tachycardias. Am J Cardiol 18:450-455, 1966 
— 4, Irons GV, Ginn WN, Orgain ES: Use of beta-adrenergic receptor 
iB blocking agent (propranolol) in the treatment of cardiac arrhyth- 
D mias. Am J Med 43:161- 170, 1967 
= 5. Gibson D, Sowton E: The use of beta-adrenergic receptor blocking 
E. drugs in dysrhythmias. Prog Cardiovasc Dis 12:16-39, 1969 
— .. 6. Aronow WS, Uyeyama RR: Treatment of arrhythmias with pindolol. 
E. Clin Pharmacol Ther 13:15-22, 1972 
~ 7. Aronow WS, Harding PR, Nelson WH, Vangrow JS, Johnson LL, 
E. Khursheed M: Treatment of arrhythmias with tolamidol. Clin 
E. Pharmacol Ther 13:855-860, 1972 
= 8. Aronow WS, Johnson LL, Vangrow JS, Nelson WH, Khursheed 
i M, Harding PR: Treatment of acute arrhythmias with orally ad- 
E. ministered tolamolol. Chest 63:917-921, 1973 


E 





sao Loa am - 4 tinm See ee. u 













agents such as propranolol that do not manifest cardi- 
oselectivity. Three of our 20 patients with premature 
ventricular complexes had chronic obstructive pulmo- 
nary disease, mild in one and moderately severe in two. 
These patients tolerated intravenous acebutolol well. 

In conclusion, our double-blind, randomized data 
show that intravenous acebutolol is very effective in 
treating frequent premature ventricular complexes. ‘The 
cardioselective property of acebutolol gives this agent 
therapeutic advantages over those of beta adrenergic 
blocking agents such as propranolol in patients with 
chronic obstructive pulmonary disease. 
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tic and therapeutic techniques, yet it retains the em. 
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The reader will find the many illustrations particu- 
larly helpful. The inclusion of color, new to this edition, 
demonstrates vividly the dermatologic manifestations 
that are frequently a sequel to underlying abnormalities. 
Every physician confronted with a skin problem will 
welcome this reliable guide for diagnosis. 
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20 days 
to shape 
his world 


Your diagnosis is firm: 
Primary Hypertension. " 

His future is in your hands now. The 
next 20 days are decisive. 

What are the odds against that future? 
The sad fact is, half of America’s hyper- 
tensives drop out of treatment.’ 


You can improve those odds. We can 
‘help you. Here's how: 


1. COUNSEL: Talk to your patient 
about the disease and its conse- 
.quences—-aboüt the problem of 
strokes, heart attacks, and kidney 
failure. Emphasize the need for tak- 
ing the medication you've chosen, 
daily, and for the rest of your patient s 
life- Teach your patient about the 
drugs you prescribe—their effects 
and side effects. The more he knows, 
the more he'll be involved. 


2. CATAPRES* (clonidine hydro- 
chloride): because the data show that 
people stay with it. It has a high 
adherence rate.? There are good 

and substantial reasons why pa- 
tients vp ad Catapres—read 

them on the next pages. 


Counsel...and Catapres. They can 
help change the odas agan your 


patient’s future. And to change them 
even more, ask us for these trom 
your Boehringer representative: 


—A major new film on Methods 
of Compliance 

—A useful and extensive monograph 
on compliance 

—The Onesti paper 

—Patient Aid Booklet 

—Patient worksheets 

—Patient Reminder Postcards 

—Other effective compliance 
enhancers 


*By repeated determinations of the basal blood pras- 
sure,** and once the medical history, physical examina- 
tion, including funduscopic and routine laboratory tests, t 
have been completed, one is usually able to exclude sec- 
ondary causes and to be reasonably comfortabie with a 
diagnosis of primary or essential hypertension 


**The National Hypertension Program Study Committee. 
n September, 1972, recommended blood pressures ex- 
ceeding 140/90 mm Hg be regarded as excessive for adult 
Americans under age 50. The World Health Committee 
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For most hypertensives, you need only two drugs... 
a diuretic and Catapres. 


Start with either, depending on your judgment. 


If you've come to expect 
only this much of Catapres... 


1. smooth lowering of blood pressure 


2. effective for all degrees of hypertension (mild to 
moderate in potency) 


3. brain, heart, and kidney blood flow preserved 


Ask for more of Catapres* 


1. nocontraindications 


2. low incidence of depression and 
orthostatic hypotension 


3. normal hemodynamics 
4. no fatal hepatotoxicity 
5. excellent record of compliance 


Most common side effects are dry mouth, drowsiness, and sedation, 
which generally tend to diminish with time. 


Please see brief summary of prescribing information on last page of 
advertisement for warnings, precautions, and adverse reactions. 


Catapres 


(clonidine HCI) 


It gives you more than you Lo of Catapres 














Tablets of 0.1 and 0.2 mg 
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Counsel...and Catapres. They can help change 
the odds against your patient's future. And to 
change them even more, ask us for these from 
your Boehringer representative: 


—A major new film on Methods of Compliance 


—A useful and extensive monograph 
on compliance 


— The Onesti paper 
—Patient Aid Booklet 
—Patient worksheets 


—Patient Reminder Postcards 


— Other effective compliance 
enhancers 
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Catapres* brand of 
clonidine hydrochloride 
Tabiets of 0.1 mg and 0.2 mg 


Indication: The drug is indicated in the treatment of 
hypertension. As an antihypertensive drug, Catapres 
(clonidine hydrochloride) is mild to moderate in potency. 
It may be employed in a general treatment program 
with a diuretic and/or other antihypertensive agents 

as needed for proper patient response. 


Warnings: Tolerance may develop in some patients 
necessitating a reevaluation of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in 
animals, and since information on possible adverse 
effects in pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended in women 
who are or may become pregnant unless the potential 
benefits outweigh the potential risk to mother and fetus. 
Usage in Children: No clinical experience is available 
with the use of Catapres (clonidine hydrochlonde) in 
children. 


Precautions: When discontinuing Catapres (donidine 
hydrochloride), reduce the dose gradually over 2 to 
4 days to avoid a possible rapid rise in blood pressure 
and associated subjective symptoms such as mervous- 
ness, agitation, and headache. Patients shoulc be 
instructed not to discontinue therapy without consulting 
their physician. Rare instances of hypertensive encepha- 
lopathy and death have been recorded after cessation 
of clonidine hydrochloride therapy. A causal relation- 
ship has not been established in these cases. It has 
been demonstratec that an excessive rise in blood pres- 
sure, should it occur, can be reversed by resumption 
of clonidine hydrochloride therapy or by intrave- 
nous phentolamine. Patients who engage in poten- 
tially hazardous activities, such as operating machinery 
or driving, should be advised of the sedative effect. 
This drug may enhance the CNS-depressive efiects of 
alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride 
shoulc be used with caution in patients with severe 
coronary insufficiency, recent myocardial infarcton, 
cerebrovascular disease or chronic renal failure 

As an integral part of their overall long-term care, 
patients treated with Catapres (clonidine hydrocnloride) 
should receive periodic eye examinations. While, 
except for some dryness of the eyes, no drug-related 
abnormal ophthalmologic findings have been recorded 
with Catapres (clonidine hydrochloride), in several 
studies the drug produced a dose-dependent increase 
in the incidence and severity of spontaneously cccur- 
ring retinal degeneration in albino rats treated for 
6 months or longer. 


Adverse Reactions: The most common reactions are 
dry mouth, drowsiness and sedation. Constipation, 
dizziness, headache, and fatigue have been reperted. 
Generally these effects tend to diminish with continued 
therapy. The following reactions have been associated 
with the drug, some of them rarely. (In some instances 
an exact causal relationship has not been established. ) 
These include: Anorexia, malaise, nausea, vomiting, 
parotid pain, mild transient abnormalities in liver func- 
tion tests; one report of possible drug-induced hepa- 
titis without icterus and hyperbilirubinemia in a patient 
receiving clonidine hydrochloride, chlorthalidone and 
papaverine hydrochloride. Weight gain, transient aleva- 
tion of blood glucose, or serum creatine phosphokinase: 
congestive heart failure, Raynaud’s phenomenon vivid 
dreams or nightmares, insomnia, other behaviora: 
changes, nervousness, restlessness, anxiety and mental 
depression. Also rash, angioneurotic edema, hives, 
urticaria, thinning of the hair, pruritus not associated 
with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the 
eyes, dryness of the nasal mucosa, pallor, gyneco- 
mastia, weakly positive Coombs' test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy 


Overdosage: Profound hypotension, weakness, somno- 
lence, diminished or absent reflexes and vomiting *ol- 
lowed the accidental ingestion of Catapres (clonidine 
hydrochloride) by several children from 19 months to 

5 years of age. Gastric lavage and administration ef an 
analeptic and vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous doses of 

10 mg at 30-minute intervals usually abolishes all ef- 
fects of Catapres (clonidine hydrochloride) overdosage. 


How Supplied: Catapres, brand of clonidine hydrc- 
chloride, is available as 0.1 mg (tan) and 0.2 mg 
(orange) oval, single-scored tablets in bottles of 100 
and 1000. 

For complete details, please see full prescribing 
information. 

Under license from Boehringer Ingelheim GmbH 


Distributed by 
Boehringer Ingelheim Ltd. 
Ridgefield, CT 06877 


a ale a ll 
es) T1 Ly a Pdl A ! à 
1 









Medical Authors 





How to be 


professional 


Compiled by Harriet R. Meiss | 
and Doris A. Jaeger | | 
of the Levy Library, ^d 
Mount Sinai School of Medicine ` 
of the City University X 
of New York./328 pages. 


about 


being published 


If you or members of your staff write, submit or review papers for 
sdical journals you will wonder how you ever did without this handy 
ide. Here, in one place, is all the information you need to select the 
blications most likely to publish your paper as well as their require- 
ants for accepting manuscripts. 


Information to Authors will save hours of valuable look-up and re- 
arch time, plus help you avoid costly errors in manuscript preparation. 
this one volume you will find everything you need to know about writing 
' publication including: 


subject index to quickly identify publications in your field of interest 
editors with specialty so manuscripts can be personally directed 
members of editorial board with credentials 

scope and editorial policy of publication 

sponsoring societies 

sources for standard nomenclature 

basic style guides 

number of copies of manuscript 

rules for preparation of illustrations, tables, graphs 

acceptable format 

guide to footnote and reference usage 

address for manuscripts 





140 medical journals j 
representing these specialties: 3 





Allergy Obstetrics and ^ 
Anesthesiology Gynecology 4 
Arthritis Ophthalmology E 
Biology Orthopedics E 
Bone Otorhinolaryngology — - 
Cancer Pathology : 3 
Cardiovascular Pediatrics É 

System Pharmacology and E 
Clinical Medicine Therapeutics ! 


Communicable 
Diseases 
Critical Care 
Dermatology 
Gastroenterology 
General Medicine 
Geriatrics 
Hematology 
Immunology 
Infectious Diseases 
Internal Medicine 


Metabolism 
If you are now writing — or planning to write — send for your copy of Neoplasms 
'ormation to Authors right away. It will make writing for publication a Neurology and 
uch easier process. Neurosurgery 
Nutrition 


Use the convenient order form below. Enclose your check, please, as 
order will be processed unless accompanied by payment. 


Physical Medicine l 
Plastic Surgery 3 
Preventive Medicine — ^ 
Psychiatry 3 
Public Health 1 
Radiology and Nuclear — 
Medicine 3 
Reproduction ^ 
Respiratory System i 
Rheumatism | 
Rhinology 4 
Roentgenology | 
Surgery 
Trauma 
Thoracic Diseases 
Urology 
Venereal Diseases 








a E 


m— umm NEM NE eee ee eee å ååå 


formation to Authors 

ivy Library 

ount Sinai School of Medicine 
fth Avenue and 100th Street 
aw York, New York 10029 


ease send me postage paid 





ime 


copy(ies) of your Information to Authors. | enclose payment. $13.50* per copy, 
ymestic and $15.00 per copy, foreign. (Please make checks payable to “MSSM—Information to Authors. ") 


AJC-1/79 


d: s d o d aa 











ocu SCA EE 








ty x "State = 
lew York State residents please add applicable sales taxes. 


Zip 


























A 
^A 
ze 
tx 
aes 
E 
se 
X. 
v eB 
$3; 
$ 
Ka 
gs 
Si 
i 
te, 4 
GAA 
ay 
i 





"e : e Y. or Xyre! -VF 
eives Medtronic xyrel* - 
rec 


toleran 
ils to func within nome onic ide 
2 ~ eva the en Oo E Mediiron 
| fu 
ta 
for the patien 


i i 
i | failur 
ition. if the Á: a: 
ot no ON n eric will reimburse "" iP 
workman sured medical expenses 


\se 
Medtronic” replacement pu 


| to any 
sam will apply 

e warranty ah 
CH supplied pursuant 

g 











C? 


IMAGINE THAT! A LIFETIME 
PACEMAKER REPLACEMENT 
GUARANTEE. FOR THE LIFE OF THE 
PATIENT, NOT THE PACEMAKER. 


That's the promise of Medtronic’s Pacing 
for Life Warranty, the standard warranty 
coverage on our Medtronic Mirel™-VL? 
Xyrel®-VL (our standard lithium pacemakers) 
and Xyrel*-VP (our programmable lithium 
pacemaker). 

Of course, not all patients will benefit from 
this warranty program because of the 
potential longevity of lithium power source 
pacemakers and the advanced age of 
many pacemaker patients. 

Nevertheless, for the many who could 
benefit from it... ifs here as standard equip- 
ment. From Medtronic. 

For further information on the pacemakers 
covered by the Pacing for Life™ program, 
contact your Medtronic representative, or 
write or call Medtronic directly at 3055 Old 
Highway Eight, Minneapolis, Minnesota 
55418, (612) 574-4000. 


Fo Medtronic 


Helping You Help 
The Pacemaker Patient 


` Pacing for Life Warranty™ will apply to the Mirel™VL pacemaker 
when it is available 


Pacing for Life™ Xyrel^ Mirel™ and Medtronic” are trademarks c 
Medtronic, Inc.. Minneapolis, Minnesota USA. See disclosure state 
ment on following page 

This program is available in the United States of America only 








MEDTRONIC® 
IMPLANTABLE PULSE GENERATORS 


INTENDED USES 

Ventricular pacing using an implantable 
ventricular pulse generator is for long-term 
therapeutic contro! of heart rate in patients with 
impulse formation or conduction disorders 
leading to bradyarrhythmias, tachyar- 
rhythmias and heart block (see product label- 
ing for detailed list of intended uses). 


CONTRAINDICATIONS 
There are no known contraindications to the 
use of pacing as a therapeutic modality for the 
control of heart rate. The patient's age and 
medical condition, however, may dictate the 
particular pacing systems and implantation 
procedure used by the physician. 


WARNINGS 

Diathermy should not be used on patients with 
pacemakers because of possible heat 
damage to electronic components. Elec- 
trosurgical units should never be used in the 
vicinity of unipolar pulse generators or bipolar 
pulse generators implanted in the unipolar 
mode because of danger of introducing 
fibrillatory currents into the heart via the 
implanted pulse generator/lead. Pulse 
generators may be damaged by defibrillatory 
discharges if the paddies are placed over the 
implanted pulse generator. 


PRECAUTIONS 

The physician should be aware that all pulse 
generators will ultimately cease to function, 
and may fail at any time due to random com- 
ponent or battery failures which cannot be 
predicted prior to failure. Also, that the pacing 
system may cease to function at any time due 
to lead-related problems such as displace- 
ment, fracture, fibrotic tissue formation, and 
elevated thresholds, and that proper operation 
may be affected by electrical interference 
from equipment using electrical energy, or 
medical complications. 


SIDE EFFECTS 
Body rejection phenomena, including local tis- 
sue reaction, muscle and nerve stimulation, in- 
fection, erosion of pulse generator /lead 
through skin, transvenous lead-related throm- 
Dosis, embolism and cardiac tamponade. 


* 
ED 
wu 


2%% Medtronic 


Medtronic, Inc. 
3055 Old Highway Eight 
Minneapolis, MN 55418 

















Prescribe Tunturi exercise for your patie 
Work is measured in a watt load range of 2 
300wat50rpm. The Tunturiis quiet, afforda 
and portable, with quality Finnish const 
tion. It's rehabilitation your patients can 
with. 

Distribution Centers in Seattle, Los Ange 
Chicago, Houston and Baltimore. 


Call Amerec collect at 206-454-2161 
complete information, including prot 
sional discounts. 

Imported and Distributed Nationally by: 
Amerec Corp., Fitness Equip. Di 
P.O. Box 3825, Bellevue, WA 980 


- > 
CM s sree 
n ! ^ —- | 


Controllec 
Exercise 





LOUIS F. BISHOP LECTURE 





Direct Myocardial Revascularization: A Ten Year Journey 


Myths and Realities 


RENE G. FAVALORO, MD, FACC 


Buenos Aires, Argentina 


From the Department of Thoracic and Cardio- 
vascular Surgery, Sanatorio Guemes, Buenos 
Aires, Argentina. This work was supported by the 
Favaloro Foundation, Buenos Aires, Argentina. 
Manuscript received June 14, 1978, accepted July 
19, 1978. 

This is the Ninth Annual Louis F. Bishop Lecture 
delivered at the 27th Annual Meeting of the 
American College of Cardiology, Anaheim, Cali- 
fornia, March 7, 1978. 

Address for reprints: René G. Favaloro, MD, 
Córdoba 3933, 1188 Buenos Aires, Argentina. 


Direct myocardial revascularization, mostly by saphenous vein graft and 
mammary-coronary artery anastomosis, is performed routinely in thou- | 
sands of patients in most cardiovascular centers around the world. | 


However, this procedure remains controversial among cardiologists and 
cardiovascular surgeons as they strive to determine its proper perspective 
in the overall treatment of coronary arteriosclerosis. A point of view on 
the indications for direct myocardial revascularization is presented in this 





lecture. To clarify the current criteria it is essential and timely to analyze 


(1) the problems related to the operation (operative mortality, perioper- — : 


ative myocardial infarction, early and late graft occlusion and changes 


in the coronary vessels; (2) the natural history of coronary arteriosclerosis, 
which requires a proper classification of ischemic myocardiopathy to 
compare current medical and surgical treatment; the classification fol- 
lowed in Buenos Aires and prospective studies in progress; (3) the proper 
utilization of diagnostic procedures, clinical history, exercise electro- 
cardiography, echocardiography, radioisotopes and coronary cineangi- 


ography. Although all of these methods are needed in our armamentarium, — - 


coronary cineangiography is mandatory and irreplaceable. A tabulation 
to read the coronary cineangiogram in relation to the ischemic area is 


presented. Classification by single, double and triple vessel disease is j| A 


not enough to select patients adequately. After performing direct myo- 
cardial revascularization for more than 10 years, | believe that the indi- 


cation for bypass surgery has been clarified and that enough evidence © 


exists to state that the use of this technique in properly selected patients 


enhances the quality of life and improves life expectancy. 


My Clinical and Surgical Experience 


This presentation summarizes work that began 16 years ago at the — 


Cleveland Clinic under the leadership of F. Mason Sones, Jr., Donald | j 


B. Effler and William L. Proudfit and, since 1971, continued in Buenos 


Aires. Our team in Buenos Aires is composed of 47 members working in | 
three areas: patient care, research and teaching. To date we have ana- — 


lyzed 17,334 patients; 11,214 have been studied with cineangiography, 
and 4,267 operations have been performed. 
While reviewing the large collection of coronary cineangiograms at 


the Cleveland Clinic early in 1962, I noted that many vessels had severe — 
localized proximal obstruction with good distal runoff and decided to — - 


work directly at the coronary level to solve the problem of coronary ob- — 


struction. At first my co-workers and I performed pericardial patch or 


venous patch graft repair in segmental localized obstructions. This 


technique worked well in the right coronary artery, mainly when ob- 


structions were sharp and localized, but it was very difficult to use in the 


left main or left anterior descending coronary artery. We tried several 
operative approaches, and the immediate mortality rate was 65 percent. 
It was a difficult struggle with poor results. 
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In 1966 and 1967, because of the large surgical expe- 
rience accumulated with saphenous vein graft for pe- 


; . ripheral vascular disease, mainly femoropopliteal by- 


pass, and also with renal arterial reconstruction, we 
conceived the idea of applying the same technique to the 


— coronary artery. Our first attempt was in May 1967! 
. with interposed saphenous vein grafts and immediately 


afterward with bypasses from the anterolateral wall of 


_ the aorta. Slowly but steadily we developed routine and 


safe operative techniques with a low operative mortality 


. rate. In 1968 we applied the same technique to patients 
= with acute coronary insufficiency— preinfarction syn- 
. drome or acute myocardial infarction—and in the same 
. year we succeeded in combining reconstruction of the 
. left ventricle: ventricular aneurysmectomy or scar re- 


section plus saphenous vein graft and valvular re- 


. placement plus saphenous vein graft bypasses. 


At the end of 1970, impressed by the pioneer work of 


1 Green et al.? in New York, we began using mammary 
-~ artery-coronary anastomoses. In 1969 and 1970 we had 


already performed several revascularization procedures, 
alone or combined, with a low mortality.? I believe that 
the operative technique is well standardized at present 
and that direct myocardial revascularization increases 


_ the myocardial perfusion deficit. All other contributions 
. starting with Jonnesco’s early original works in 1916,4 


except for the Vineberg procedure, must be considered 


. myths in the history of myocardial revascularization. 
_ (A myth is an imaginary historical event whose exis- 
. tence is unverifiable. A myth is generally either a vi- 
— sionary ideal or a notion that is commonly held to be 
. true but that has no basis in fact). 


Several observations confirm that the delivery of 


: oxygen is enhanced by vein bypass operations: (1) The 


improvement of postoperative exercise capability in the 


- absence of pain and with the normalization or reduction 
_ of ST-T changes observed preoperatively.5-1? (2) The 
— reversal of ischemic S- T changes observed intraopera- 
. tively after the release of the clamp with atrial pacing.!? 
_ (3) The postoperative improvement of lactate metab- 
. olism during exercise.!*-!? (4) The considerable reduc- 
— tion in ventricular function when bypass grafts are oc- 

. cluded before the thoracotomy is closed.!9-?! (5) The 
= improvement of left ventricular contractility in the 
 . myocardial area perfused by the grafts.?9?? (6) The 
J. improvement of myocardial oxygen tension measured 
J immediately after revascularization.?? It is interesting 


that the flow through the graft can increase with met- 
abolic changes. Several observations have shown that 
after hypoxia-induced hyperemia following the release 
of graft occlusion at surgery, or after the administration 


3 of nitroglycerin,?}24:25 isoproterenol,?426 or papaver- 
 ine?!.27-30 directly into the graft, the flow through the 
. graft increases greatly.?!2°.26 (7) Collateral vessels 


previously present disappear after a successful bypass 


E. operation and reappear later if the graft is occluded, as 
=- we have frequently observed. If the vessels originate in 
an artery with the lumen reduced by atheromatous 


plaques, they increase considerably after a bypass graft 


. is inserted beyond the obstruction. (8) Postoperative 


catheterization studies demonstrate that a previous 
proximal subtotal occlusion of an artery distally per- 
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fused by a graft can occlude completely without clinical 
or electrocardiographic manifestations of myocardial 
injury if the graft remains patent. 

Myocardial revascularization is now a reality (that 
is, an event that exists objectively and in fact) and 
cannot be compared with previous attempts in this field. 
More than 1,500 papers have been published on this 
subject, and anyone reviewing them will be tremen- 
dously confused. The reader can select papers that 
emphasize the disadvantages of the operation and the 
benefits of current medical treatment; conversely, he 
can select papers that praise the excellence and grati- 
fying results of surgical procedures. I will trv to present 
a critical analysis of direct myocardial revascularization, 
reviewing the facts and avoiding the myths. I firmly 
believe that if we fully understand the problems related 
to the operation and the natural history of the disease 
with present medical treatment and if we utilize prop- 
erly the diagnostic procedures, the indications for sur- 
gery will be clarified. 


Problems Related to the Operation 


Saphenous vein grafts or internal mammary ar- 
tery grafts: Internal mammary artery-coronary anas- 
tomoses are performed in our department without the 
use of a microscope with the interrupted suture tech- 
nique, which is similar to the technique I demonstrated 
in 1970 using fine delicate sutures and a small arteri- 
otomy. Several controversies exist now regarding the 
utilization of saphenous vein grafts or internal mam- 
mary artery-coronary anastomoses. The internal 
mammary artery has a diameter similar to that of the 
coronary artery; it does not present the histologic 
changes encountered in saphenous vein grafts and it has 
a higher patency rate. On the other hand, there is less 
flow through the internal mammary artery than through 
the saphenous vein, and the flow occurs mostly during 
systole. The length of the mammary artery reduces the 
possibility of its use. Although some workers have sug- 
gested using the free internal mammary artery, it is 
rarely used; I have never used it. The internal mammary 
artery-coronary anastomosis is much more difficult to 
perform and must be done precisely to attain good re- 
sults. 

I believe that the internal mammary artery should be 
utilized as a bypass when the saphenous vein is absent 
or of poor quality, when the diameter of the coronary 
artery is small or when the anterolateral wall of the as- 
cending aorta has been altered. Its use is contraindi- 
cated in an emergency operation, in patients older than 
65 years and in patients with brachiocephalie obstruc- 
tion, ventricular hvpertrophy or severe obstruction of 
the left main coronary artery. We rarely utilize internal 
mammary arteries alone. These arteries are combined 
with saphenous vein grafts and in most patients are 
connected to the left anterior descending coronary ar- 
tery and diagonal branches. 

Number of grafts: Several recent reports empha- 
sized the need for multiple bypasses to achieve complete 
revascularization; as many as nine bypasses were per- 
formed in one patient. In most instances I do not agree 
with surgeons who advise four or more bypasses. I am 





convinced that a surgeon who specializes in myocardial 
revascularization should spend a considerable amount 
of time in the cardiac catheterization laboratory, 
learning to interpret properly coronary cineangiograms. 
The exact reading of the cineangiogram determines how 
many bypasses should be performed and where the 
distal anastomosis will be placed. These decisions can- 
not be made at the operating table by just watching or 
palpating the coronary arterial distribution, without a 
proper interpretation of the cineangiogram. 

Iam convinced that most patients benefit from two, 
three, sometimes four and rarely five bypasses. Multiple 
bypasses are not required in most patients, and it would 
be interesting to review the cineangiograms of patients 
operated on with multiple bypasses to correlate them 
with the operative protocol and preoperative and 
postoperative angiographic results. I predict that the 
findings would be surprising. 

I believe the terms satisfactory and unsatisfactory 
revascularization are more precise than complete or 
incomplete revascularization. In patients with wide- 
spread disease and poor distal runoff in some branches 
of the coronary circulation, satisfactory revasculariza- 
tion can frequently be achieved by reconnecting the 
main coronary arteries, although the procedure remains 
incomplete because some of the diagonal, lateral or di- 
aphragmatic branches cannot be bypassed because of 
extremely poor distal runoff. 

Operative mortality: Myocardial revascularization 
can now be performed with a low operative mortality 
rate. Most cardiovascular centers report an operative 
mortality rate of 2 percent or less for revascularization 
alone. However, several factors, especially the status of 
the left ventricle and number of vessels involved, must 
be considered. Our patients are classified not only ac- 
cording to the cineangiographic findings but also ac- 
cording to the calculation of left ventricular function by 
specific measures (Fig. 1). If a patient has a normal left 
ventricle with a good distal runoff, he is an ideal can- 
didate for surgery even if the cineangiogram shows 
several obstructions. Such patients have an operative 
mortality rate of 2 percent or less. 

Patients with an abnormal left ventricle can be 
classified in two groups. If the damage is moderate, the 
operation can be done with a mortality rate of about 5 
percent (reconstruction of the left ventricle is required 
in a few cases). In the second group, patients with se- 
verely deteriorated ventricular function are selected for 
revascularization (1) if the clinical history reveals the 
presence of angina pectoris (the more severe the angina, 
the greater the possibility of ischemic rather than 
scarred muscle), and (2) if proximal obstructions with 
good distal arterial distribution are found in the 
cineangiographic study. The operative risk should be 
known before the operation is performed. The mortality 
rate in this group is 12 percent and, although the oper- 
ation is merely a palliative procedure, the late results 
are encouraging. 

It is very important to report the surgical mortality 
in relation to the status of the heart muscle so that the 
operative results from different cardiovascular centers 
can be compared. Some surgeons have strict criteria for 
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FUNCTIONAL EVALUATION OF VENTRICULAR IMPAIRMENT 
IN ISCHEMIC MYOCARDIOPATHY 


M EF > 0.58 
= MNSER > 1,56 E.D.Vs./sec 
S Mean VcfB > 0.81 Circ/sec 
Z Mean VcfM > 0.92 Circ/sec 
2 Mean VcfA > 1.18 Circ/sec 
EF 0.57 to 0.36 
MNSER 1.55 to 0.57 
z Mean VcfB 0.80 to 0.31 
> Mean VcfM 0.91 te 0.28 
= Mean VcfA 1.17 to 0.60 
EF « 0.35 
MNSER < 0.56 E.D.Vs./sec 
z Mean VcfB = 0.30 Circ/sec 
- Mean VcfM < 0.27 Circ/sec 
Mean VcfA — 0.59 Cir/sec 


FIGURE 1. Tabulation of patients with coronary arteriosclerosis ac- > 
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cording to left ventricular angiography. Circ/sec = circumference/ — 
second; E.D.Vs./sec = end-diastolic volume/second; EF = ejection 


fraction; Mean VcfA = mean circumferential fiber shortening rate, 


apical segment; Mean VcfB = mean circumferential fiber shortening 
rate, basal segment; Mean VcfM = mean circumferential fiber short- 
ening rate, equatorial segment; MNSER = mean normalized systolic 
ejection rate. 


the selection of surgical candidates and operate onlyon — 


patients with normal or mildly altered left ventriculo- 


grams. Others operate on patients with an abnormal 3 


ventricle because they believe that the scope of indica- 


tions for surgery should be wider; I agree with this point — 


of view. Catheterization and operation in patients with — 


left main coronary obstruction increase the risk. Al- 


though a slight increase in surgical mortality has been _ 
reported, depending on the number of grafts inserted, — 
we firmly believe that the number of grafts does not 
affect operative mortality if the surgical procedure is — 


performed correctly. 
The operative risk correlates with the time of ex- 


tracorporeal circulation, and if combined procedures 4 
(left ventricular reconstruction or valve replacement) 


are required, the operative risk increases. Nevertheless, 
with the recent introduction of cardioplegia,*!~*4 I þe- 
lieve that mortality and morbidity can be reduced in 
patients with severe diffuse coronary disease and an 
abnormal ventricle and in patients who require com- 


bined revascularization procedures. I do not agree that _ 


myocardial infarction within 1 month of the operation - 
increases the risk of revascularization. There is no doubt — 


that concomitant combined procedures increase oper- 
ative mortality. 


Surgery can be performed in elderly patients. Ifthe 
operation is performed when they are highly incapaci- _ 


tated by angina but still have a good left ventricle, the 


risk is only slightly increased. However, if the ventricle | 


has deteriorated because of a previous myocardial in- | 
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= farction, the operative mortality increases. Therefore, 


. the indications for surgery should be carefully evaluated 
= in these patients. The presence of diabetes does not 
-~ increase operative mortality, although wound infection 
occurs more frequently in patients with this disease. 

Severe hypertension increases operative mortality 
and is the most important risk factor. Patients with 
long-standing severe hypertension should be operated 
on only if they are totally disabled. However, the in- 
troduction of nitroprusside has enlarged the scope of 
indications for surgery among patients with severe hy- 
pertension and is, I believe, one of the most important 
advances in modern cardiology. In summary, an eval- 
uation of operative mortality should include consider- 
ation of all of the factors presented here. All will agree 
that the operation can be performed with a low and 
acceptable mortality rate. 

Perioperative or postoperative myocardial in- 
farction: Clinical experience clearly indicates that 
myocardial infarction is the most serious complication 
of direct myocardial revascularization. An operation 
— planned to prevent myocardial deterioration should not 
. cause myocardial infarction. The diagnosis of postop- 
erative myocardial infarction should be based on or 
confirmed by analysis of the electrocardiogram and 
vectocardiogram, serum enzyme levels, radioisotope 
myocardial imaging and, when possible, the postoper- 
ative coronary cineangiogram. It has been suggested 
recently that the use of radioisotope scintigraphy?5-?8 
is more precise in determining myocardial damage, and 
it appears that the percentage of myocardial infarctions 
could be higher than previously reported. I emphasize 
that these data must be analyzed more precisely because 
patients under medical treatment without a history of 


. myocardial infarction may have positive scintigraphic 


. tests.?? Therefore preoperative scanning is necessary 
in every patient so that the findings can be compared 
. with postoperative results and the degree of myocardial 
. damage accurately determined. 
_ The incidence of postoperative myocardial infarc- 
tion depends mainly upon the operative technique and 
the selection of patients. The importance of the oper- 
ative technique is illustrated by an analysis of the op- 
erative series reported by several centers: An early high 
incidence rate of myocardial infarction was followed by 
a steady decline as experience was acquired. The se- 
lection of patients is also important. In the ideal can- 
didates, patients with proximal obstruction, arteries of 
good caliber, good distal runoff and a normal left ven- 
tricle, operative mortality should be low and the inci- 
dence of postoperative myocardial infarction minimal 
(4 percent in our practice). Patients with previous 
. myocardial infarction, diffuse coronary artery disease 


. and an abnormal left ventricle require prolonged peri- 


. ods of total cardiopulmonary bypass and, consequently, 
the incidence of postoperative myocardial infarction is 
greater in these patients (10 to 15 percent). It is im- 
portant to note that not all postoperative myocardial 
infarctions are caused by graft occlusion; some are re- 
lated to vascular areas not revascularized either because 
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they were unsuitable for the procedure or because re- 
vascularization was incomplete. 

Graft patency: Several factors related to graft pat- 
ency should be analyzed. Most graft occlusions take 
place within a few months after the operation. Causes 
of occlusion related to the vein being grafted can be 
prevented. The vein should be carefully dissected and 
overdistension; during the preparation of the: vein 
avoided. Segments of vein may have deteriorated before 
being placed in the coronary circulation, and segments 
with preexisting venous disease must be excluded by the 
surgeon. 

The size of the coronary artery, the dista! runoff and 
graft occlusion are interconnected. If the size of the 
coronary artery is less than 1 or 1.5 mm and the distal 
runoff is not adequate, the flow will be less than 20 or 
30 cc and the possibility of graft occlusion will increase. 
It is well known that the number of graft failures in- 
creases in patients with poor ventricular function. At 
present, with a well standardized technique, a capable 
team should be able to perform bypasses with a failure 
rate of about 10 percent a year. Late occlusion of the 
graft occurs less frequently. If a graft is patent within 
6 to 13 months of the operation, only minimal deterio- 
ration is likely to occur. As shown by the analysis of the 
Cleveland Clinic series, *? if a graft remains patent after 
1 year it will rarely occlude and, if it does, the occlusion 
will be mainly related to the progression of the disease 
at the coronary level. After reviewing other series41-43 
and our own data, I estimate that the incidence rate of 
late occlusion after the 1st year is about 1 to 2 percent 
a year. 

Certainly the vein graft will undergo some changes, 
particularly an increase in fibrous tissue. This has al- 
ready been observed in peripheral arterial or renal ar- 
terial revascularization (arterialization of the vein). The 
increase in intimal fibrosis and subintimal hyperplasia 
as the cause of late thrombosis of the grafts was first 
reported by Johnson et al.44 and later confirmed by 
other investigators.*°°! The intrinsic mechanism of 
these changes is not well understood. As pointed out 
earlier, they can be present before the insertion of the 
vein at the coronary level??? and can be related to the 
high pressure the vein endures in its new role. The ab- 
sence of vasa vasorum during dissection of the vein 
could be a contributing factor. Atheromatous changes 
of the vein can occur with time and are related to met- 
abolic disturbances of the patient. The exact degree of 
these changes cannot be estimated, but it is certainly 
much higher in patients who have an abnormal level of 
serum lipids.5?.54 

Changes at the coronary level: It has beer reported 
that the saphenous vein bypass technique causes de- 
terioration in the native coronary circulation, producing 
new obstructions or increasing obstructions previously 
present. Obstructioms can occur at three different levels 
(Fig. 2): in the proximal segment of the coronary artery, 
close to the distal anastomosis, or in the distal distri- 
bution of the coronary arterial system. When a severe 
obstruction is present in the proximal portion of a cor- 


onary artery, the high flow and high pressure levels in- 
troduced by the graft into the recipient artery beyond 
the obstruction almost completely block the flow to the 
proximal coronary artery, and stasis-induced throm- 
bosis can cause the occlusion. 

I believe that the operation is the cause of distal 
coronary occlusion but not of proximal occlusion. 
Proximal occlusion has been the main indication for the 
operation, and although the graft can accelerate the 
process by rendering good perfusion to the distal coro- 
nary segment, it can prevent myocardial deterioration. 
Most distal obstructions are proximal to the site of the 
distal anastomosis and are related to the operative 
technique. The surgeon and not the bypass should be 
blamed for this problem, and as the surgeon gains ex- 
perience fewer obstructions will occur. 

Obstructions far from the distal anastomosis are 
caused by the progression of the disease and not by the 
graft, as demonstrated by a comparison of the grafted 
and nongrafted arteries. Perhaps the most important 
critical analysis has been performed by Bourassa et al.55 
in Montreal; our experience in Buenos Aires has proved 
that the nongrafted arteries undergo the same or many 
more changes than the grafted arteries in the follow-up 
period. In conclusion, I do not think there is enough 
evidence to attribute deterioration of the native circu- 
lation at the coronary level to the operation itself. 


Problems Related to the Natural History With 
Present Medical Treatment 


Clinical classification: To clarify the indications 
for surgery, we must consider the various clinical pre- 
sentations of myocardial ischemia; the clinical classi- 
fication of ischemic heart disease may be quite com- 
plicated. 

Table I shows the classification we follow in Buenos 
Aires. It is important to understand the natural evolu- 
tion of the various subgroups so that the proper surgical 
indication for each category will be clear. 


TABLE | 
Clinical Classification of Patients Used in Buenos Aires 


Stable angina 


+. 
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FIGURE 2. Progression of coronary disease after bypass surgery: 80 


to 85 percent of obstructions are related to preexisting proximal oc- 
clusions. Fifteen percent are related to the site of the distal anastomosis, 
and 5 percent or less appear in the distal distribution of the coronary 
circulation. 


The clinician should bear in mind the prognosis, 
morbidity and mortality associated with a first myo- 
cardial infarction. We know that without medical as- 
sistance 30 percent of the patients die suddenly; after 
admission to the coronary care unit approximately 12 


to 15 percent die, and another 15 percent die within the K 
lst year after hospital discharge. Thus, within 1 year of — 


the first myocardial infarction, only 51 percent of the 
patients are alive. We must consider these facts in dis- 


cussing indications for treatment in patients with cor- - 


onary arteriosclerosis. 


Angina of recent onset 


With Intermediate syndrome 
angina Progressive angina 
Prinzmetal’s angina With or 
Acute persistent ischemia without 
Symptomatic Acute myocardial infarction previous Sudden 
Congestive heart failure myocardial Death 
Arrhythmias infarction 
Without Valve insufficiency 
angina Embolism 
Dyspnea 
Fatigue 
After an acute myocardial infarction 
Ergometric test 
Asymptomatic Arteriosclerosis in other vascular areas 


Valve diseases 


Family history or risk factors, or both 


Abnormal electrocardiogram 
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MVO, DETERMINANTS 


Cardiac output 


contractility 


Cardiac rate 
ejection phase 












aortic pressure 


conductance 
epicardial arteries 


hematocrit 
lipids 
platelets 


viscosity 





PO, partial tension 





electrical depolarization subendocardial plexus 
anica! coupling K) ‘ 
intramyocardial |neurogenic regulation 
wall tension m the. ge arteries humoral regulation FIGURE 3. Factors determining 
shee (resistance) [autoregulation (anoxia) myocardial perfusion. Spasm and 


SPASM 
COLLATERAL CIRCULATION 


Finally, the most important topic that will be ana- 
lyzed extensively at this scientific meeting of the 


. American College of Cardiology is sudden death. It is 
. well known that half of the patients die suddenly during 


the evolution of coronary arteriosclerosis. The results 


. of prospective studies in Buenos Aires have shown that 
. 54 percent of sudden deaths involved patients under 
. medical treatment. The problem of sudden death must 
- be considered in deciding on the proper therapeutic 
J indications. 


Diagnostic Procedures 


The next important step is to know and utilize 


_ properly the diagnostic methods. The diagnosis of every 
. patient should begin with a thorough clinical history. 
In addition, ergometric studies, cross-sectional echo- 
= cardiography, radioisotope studies and coronary cine- 
= angiography should be performed to evaluate and ob- 
. tain precise indications for each patient. Ergometric 


studies permit the accurate classification of patients and 


. the estimation of myocardial reserve. 


Cross-sectional echocardiography and thallium 


. and technetium myocardial imaging: These are safe 
methods to evaluate poor myocardial circulation and 
. concomitant ischemia. These studies should be per- 
_ formed first at rest and then with exercise, thus pro- 


_ viding further information that will be valuable even for 


E asymptomatic patients. It is important that these 

— studies be performed during exercise in order to analyze 

. the effect of stress on the contraction of the different 
segments of the left ventricle. 


collateral circulation play an im- 
portant role. LV — left ventricular. 


Coronary angiography and left ventriculog- 
raphy: Neither cross-sectional echocardiography nor 
radioisotopic imaging will replace coronary angiography 
and left ventriculography. Despite the information 
obtained with noninvasive techniques, coronary angi- 
ography cannot and will not be replaced because coro- 
nary obstruction is the most important factor in the 
pathophysiology of coronary insufficiency. The prob- 
lems related to myocardial perfusion are shown in Fig- 
ure 3. I am convinced that the obstruction is the factor 
that alters all the others. Coronary spasm and collateral 
circulation play an important role in myocardial isch- 
emia. Modern equipment provides improved visual- 
ization of collateral circulation and thus helps one to 
evaluate it correctly. 

During the past 2 years all catheterizations at our 
institution were performed without the administration 
of coronary vasodilators; thus significant information 
on coronary spasm has been accumulated. Spasm is 
often a symptom of Prinzmetal’s angina, but it can also 
occur in any of the subgroups cf patients with myocar- 
dial ischemia (Fig. 4). 

Coronary cineangiography has enabled the physician 
to understand the anatomy and the natural history of 
coronary arteriosclerosis and permitted the preopera- 
tive evaluation and selection of surgical candidates and 
comparison of medical and surgical series. The impor- 
tance of the number and severity of obstructions at the 
coronary level has been analyzed in several reports,56-62 
and we know the different prognoses for left main cor- 
onary arterial obstruction and one, two and three vessel 
disease. 
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Mortality is also related to the condition of the left 
ventricle. Patients with a normal ventricle have a 
mortality rate of 25 percent within 5 years; with mod- 
erate alterations the rate increases to 31 percent, and 


with ventricular aneurysm it ranges from 46 to 64 per- 


cent. In patients with a severely deteriorated left ven- 
tricle, the mortality rate is 71 percent within 5 
years.6? 

I am convinced—and this is a very important 
point—that at present the classifications left main 
coronary obstruction and single, double or triple vessel 
disease are not adequate. The development of these 
classifications was a significant landmark; however, we 
must obtain more precise readings of coronary angio- 
grams if we want to compare medical and surgical 
treatments. Figures 5 and 6 show some examples of 


different coronary abnormalities that determine prog- 
nosis. We must accurately classify every obstruction in 
order to compare medical and surgical treatments. Most 
reports have not included a proper critical analysis of 
the coronary angiographic findings. If we cannot agree 
on how to read the coronary angiogram, always keeping 
in mind the ameunt of myocardial muscle that is 
compromised and the concomitant ischemia, we will 
not be able to match surgical and medical groups. 
Procedure for reading coronary angiograms: In 
reading coronary cineangiograms we follow the proce- 
dure shown in Table II for scoring the severity of the 
obstructive lesions. Although the upper and middle 
thirds of the right coronary artery play a role in myo- 
cardial perfusion, mainly by providing collateral cir- 
culation to the left anterior descending artery, the dia- 





Y 


FIGURE 5. Examples of different types of obstructive coronary lesions and their prognostic importance. A, small right coronary artery, B, middle-sized 
right coronary artery, C, large dominant right coronary artery, D, small left anterior descending coronary artery, E, middle-sized left anterior descending 
coronary artery, F, large dominant left anterior descending coronary artery. The drawing attached to each variety shows the ischemic area that 
is closely related to the distribution of the coronary arterial circulation. 
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phragmatic portion of the right coronary artery is more 
important because it perfuses the atrioventricular 
conduction system, some of the interventricular septum 
and, when the right coronary artery is dominant, a sig- 
nificant portion of the diaphragmatic and lateral wall 
of the left ventricle. Therefore we give different scores 


a ‘i 


FIGURE 6. Three examples of left main coronary disease. A, severe obstruction at the left main coronary artery (arrow) with concomitant severe 


obstruction at the beginning of the main anterior descending branch (arrow); 
developing collaterals to the left coronary arterial distribution. C, severe sub 
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to lesions of the right coronary artery located before or 
after its bifurcation into the posterior descending and 
the atrioventricular branches. 

It is important to realize that collateral circulation 
can play a significant role in myocardial perfusion. 
Some collateral vessels develop after the damage has 


B, a nonobstructed dominant right coronary artery in the same patient 
total obstruction (arrow) at the left main coronary artery with several 


distal obstructions, mainly in the anterior descending branch; D, the same patient's right coronary artery (balanced circulation) shows a severe 
localized obstruction (arrow). E, severe obstruction of the left main coronary artery (arrow) with concomitant total occlusion of the main anterior 
descending coronary artery and severe subtotal occlusion of the circumflex coronary artery; F, total occlusion of the right coronary artery (arrow) 
in the same patient. These examples are a clear demonstration of patients with different prognoses. Left main coronary arterial obstruction is a 


complex entity that should be carefully analyzed. 
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. occurred and are therefore useless. For example, a large 
. ventricular aneurysm caused by total occlusion of the 
. proximal left anterior descending artery may show 
. collateral vessels originating from the right coronary 
artery that developed after total necrosis of the ante- 
- rolateral wall was produced by the occlusion. However, 
some collateral vessels are useful for the patient; they 
. may be noncompromised, if they originate in an artery 
free of obstruction, or compromised, if they originate 
.. distally from a severe obstruction. 


P Indications for and Results of Surgery 


E 










To clarify the indications for surgical versus medical 
. treatment, myocardial ischemia must be classified ac- 
- eurately. In Buenos Aires we have planned prospective 

-Sstudies—some randomized— with medical and surgical 
. therapy for some groups to distinguish the natural ev- 
_ olution and their particularities. 


. Stable Angina | 
_ This category consists of patients who have angina 
. pectoris with characteristics that have not changed 


. during the past 3 months. The patients are assigned to 
. one of two groups: those without and those with previ- 


— TABLE II 





Procedure for Scoring the Severity of Obstructive Lesions 
= Right Nondominant 2 
.. coronary Before 5 
— artery Dominant bifurcation 
a After 2 
E bifurcation 
... Left main 
|J coronary 10 
artery 
Short rec 3 
D Medial 1 
_ Left anterior Proximal 5 
descending Medium Medial 2 
» . coronary Distal 1 
. A artery Proximal 7 
Long Medial 3 
Distal 2 
^ Atrioven- Proximal 3 
-= Left circumflex Nondominant 1 tricular Distal 1 
=- coronary Lateral 1 
. artery Atrioven- Proximal 5 
4 Dominant tricular Distal 3 
E Lateral 2 
. Left Good 0 
. ventricle Moderate 6 
E. Severe 10 
= Occlusive correction factors 
Es. 5010 < 7596 — 1.2 
|. 275to € 10096 — 1.5 
|. 100% =] 
= Distal vascular bed corrective factors 
.. Good 0 
.. Moderate 2,5 
. Bad 5 
M. Good 4 
P Compromised circulation 
A Poor 2 
Useful circulation 
collateral Good BA 
circulation \Noncompromised circulation 
Poor -2 
circulation 
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ous myocardial infarction. In patients with stable an- 
gina, revascularization surgery is mainly indicated for 
those with multiple coronary obstructions, good distal 
runoff and normal or mildly altered left ventricular 
function. 

The Cleveland Clinic experience: The original 
report of the Cleveland Clinic (see Ref. 3) showed that 
the prognosis differed for patients with single, double 
and triple vessel disease and that surgical treatment was 


SURVIVAL %. 
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FIGURE 7. Early Cleveland Clinic experience matching medically 
(M.T.) and surgically treated (S.T.) groups.9^ The surgical series shows 
a definite improvement in mortality in patients with double (2 V.D.) and 
triple (3 V.D.) vessel disease. 1 V.D. = single vessel disease. 


asymptomatic 


71,7 asymptomatic 





class I-II 





class!-li 


mortality 


mortality 


FIGURE 8. Prospective study of patients with stable angina; 34 month 
follow-up. n = number. Percentage cf mortality and clinical status 
(functional class) are shown for surgically treated (S.T.) and medically 
treated (M.T.) groups. 
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FIGURE 9. Survival curves in a 10 year follow-up’? 
of medically treated patients with single, double and 
triple vessel disease and left main coronary arterial 
(L.C.A.) occlusion. There is no evidence that current 
medical treatment has changed the steady deterio- 
ration of the survival rate in any of the subgroups. 


followed by definite improvement (Fig. 7) in patients 
with double and triple vessel disease. This report was 
confirmed by most cardiovascular centers.9*- 7? Some 
critics challenge the indications for surgery in patients 
with single vessel obstructive disease; nevertheless, we 
believe that patients with proximal obstruction of a 
large left anterior descending coronary artery or with 
a single obstruction of a dominant right coronary artery 
are candidates for the operation. 

Our prospective studies on stable angina (Fig. 8) 
demonstrated that the length and quality of life were 
enhanced. However, other reports have challenged the 
validity of our results. One of the main objections in 
these reports is that the comparisons between medical 
and surgical series were not prospective because the 
medical treatment available lacked the present arma- 
mentarium, especially propranolol. Our prospective 
studies began in 1971, and consequently the majority 
of our patients were receiving propranolol and vasodi- 
lators. 

A 10 year follow-up study by Proudfit et al."? recently 
completed the Cleveland Clinic medical series com- 
paring medical and surgical treatments. The normalized 
curves in Figure 9 show that despite improvements in 
medical therapy, the survival rate decreased steadily in 
each subgroup. There appears to be no change in the 
survival curves as a result of improved medical treat- 
ment (propranolol was introduced in the United States 
in 1968). 

The Veterans Administration randomized co- 
operative study on stable angina pectoris: This is one 
of the reports that, I believe, has created tremendous 
confusion.”4 It concludes that there is no difference in 
3 year longevity between patients with stable angina 
treated medically and those treated surgically. However, 
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a careful analysis reveals that the study was highly se- 
lective and that only low risk patients were included. 
Only 596 of 2,295 patients were studied. Patients with 
myocardial infarction within the past 6 months, con- 
gestive heart failure within 3 weeks before catheter- 
ization, uncontrolled diabetes, hypertension with dia- 
stolic pressure greater than 100 mm Hg, a low ejection 
fraction, left main coronary disease or marked elevation 
of left ventricular end-diastolic pressure were excluded. 


It is evident that only patients with a very low risk were ; 


selected. The angiographic criterion was 50 percent 
narrowing of the luminal diameter, although it is known 
that surgical candidates should have at least a 75 per- 
cent reduction in diameter. Patients with mild disease 
and moderate occlusions were included in the study. 


There were significant differences noted interpre- | 


tating the angiographic films: “After an initial study 
revealed considerable interobserver and intraobserver 
variability in interpretation, all coronary angiograms 
were reread by each observer, using a standardized data 
sheet. Data presented in this report are based on the 
second-reading information.” That it was so difficult 
to evaluate a complete coronary cineangiogram and that 
there were so many variations concern me. Goffredo 
Gensini?? was asked to review the coronary angiograms 
of patients included in the study. He later wrote to 
Marvin Murphy, stating: *. .. I am sure you will agree 
that some of the early films hardly show the outline of 
the coronary arteries at all, thus the determination of 


the size, degree of stenosis and the surgical adequacy of 








the runoff is quite chancy at best. Under such circum- _ 
stances I believe that a not insignificant number of pa- 


tients were considered surgical and thus randomized to 


either medical or surgical therapy when they should not - 
(or could not) have been selected for surgery in the first — 
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— MT 36 pts. 
oera ST 35 pis. 


Overall mortality 66% 
Overall mortality 25 % 










- place. If you assume for a moment that a statistically 
significant number of patients had surgery when either 
_ the runoff was inadequate or the bypass was unneces- 
sary, it would not be surprising to find no difference 
_ between medical and surgical therapy. In fact, these 
. patients when randomized to surgery would tend to 
- have poor results...” 

_ If coronary angiography is the main diagnostic tool 
in selecting appropriate candidates and comparing 
. medical and surgical treatments, it is difficult to accept 
the Veterans Administration cooperative study because 
_ a significant number of patients with poor coronary 
 angiograms were included. It is important to note that 
. 17.4 percent of the patients originally included in the 
medically treated group have been operated on because 
- of failure of medical therapy. . 

— Finally, the 5.6 percent rate of operative mortality in 
this low risk group of patients is high (it should be not 
_ more than 2 percent). Eighteen percent of the patients 
- have had perioperative myocardial infarction, the 69 
percent graft patency rate is low, and all grafts were 
- occluded in 13 percent of the patients. These data cor- 
roborate the poor and unreliable conclusions. I am 
convinced that the Veterans Administration study 
_ should be reanalyzed by an outside committee and that 
- only patients with good quality cineangiograms and 75 
. percent or greater narrowing of luminal diameter should 
be included. Valid conclusions could then be formu- 
lated. For the present we should stop quoting the Vet- 
-erans Administration cooperative study in national and 
. international meetings. 

— Indications for surgery in presence of impaired 
— left ventricular function: The validity of the indica- 
_ tion for operation in patients with severely impaired left 
— ventricular function has been questioned. We consider 
such patients potential surgical candidates, and we 
. perform surgery if the following criteria are fulfilled: (1) 
angina pectoris is a significant factor; (2) a precise ex- 
. amination of the cineangiogram demonstrates that the 
. patient is a good candidate for multiple bypasses (a 
- single bypass does not improve this type of ventricular 
_ dysfunction), (3) the patient's general condition is good; 
. and (4) the patient is younger than 65 years (patients 













40 
months 


36 FIGURE 10. Prospective study of patients (pts.) with se- 


vere deterioration of the left ventricle. There is a re- 
markable difference in the survival rates in the medically 
(MT) and surgically treated (ST) groups. 


older than 65 years are generally poor candidates for this 
type of surgery). 

The operative mortality rate in this group was 12 
percent in 246 patients; this rate is significantly greater 
than the current surgical mortality rate in patients with 
a normal or mildly altered left ventriculogram. A pro- 
spective study (Fig. 10) was carried out in 71 patients 
with a severely deteriorated left ventricle. Although it 
is too early to draw definite conclusions, if patients are 
selected as described, reconstructive surgery appears 
to be beneficial. This finding was also demonstrated in 
reports from several cardiovascular centers.76-8! 


Unstable Angina 


Patients with unstable angina have been a source of 
much controversy through the years, probably because 
of their diversity and the confusion over their classifi- 
cation. The categories must be defined clearly in order 
to compare surgical and medical treatment and discuss 
the proper surgical indications. 

We have classified unstable angina in the following 
categories: intermediate syndrome, progressive angina, 
angina of recent onset with loss of physical capacity, 
acute persistent ischemia and angina after acute myo- 
cardial infarction. 

Intermediate syndrome: Patients are included in 
this group if the following requirements are met: re- 
curring, prolonged and intense angina at rest; the ab- 
sence of extracardiac factors (such as anemia, thyro- 
toxicosis and hyperthermia); serum enzyme level that 
is normal or 50 percent above the basal level; the ab- 
sence of severe pump failure or severe arrhythmia; little 
or no response to nitrites; less than 1 month between 
onset of angina and admission to the coronary care unit; 
and transitory electrocardiographic changes of ven- 
tricular repolarization and transitory arrhythmias. 

Progressive angina: A patient is included in this 
group when angina pectoris related to effort has in- 
creased in intensity and frequency during the preceding 
3 months. 

Acute persistent ischemia: This group includes 
patients who have one or two episodes in 24 hours of 
intense and prolonged angina pectoris lasting more than 
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FIGURE 11. Prospective study of patients with unstable angina 
at 4 month (m) and 24 month follow-ups. A, the mortality rate is 
high in patients with intermediate syndrome (I.S.) and angina after 
acute myocardial infarction (A.P.A.M.I.) and low in patients with 
acute persistent ischemia (A.P.I.) and progressive angina (P.A.). 
B, the incidence rate of myocardial infarction is high in patients 
with intermediate syndrome, angina of recent onset (A.R.O.) and 
acute persistent ischemia; conversely those with progressive 
angina have a low rate of myocardial infarction. 


10 minutes and who thereafter remain asymptomatic. 
These patients have persistent electrocardiographic 
changes of ventricular repolarization and a serum en- 
zyme level that is normal or elevated 50 percent above 
the basal level. 

Angina of recent onset: This category includes pa- 
tients with angina pectoris of less than 3 months' du- 
ration. Patients with preserved physical capacity must 
be differentiated from those with diminished physical 
capacity. The significance of the latter group is dem- 
onstrated by our prospective studies on prodromes of 
acute myocardial infarction. Of 541 consecutive patients 
admitted to the coronary care unit with acute myocar- 
dial infarction, 374 (69.1 percent) had prodromal 
symptoms. One hundred ninety-eight (53 percent) had 
angina of recent onset with loss of physical capacity as 
a prodrome. 

The mortality rate of patients with diminished 
physical capacity during an acute myocardial infarction 
was 18.9 percent, which is significantly higher than the 
13.4 percent overall mortality rate in our coronary care 
unit. Patients with a normal physical capacity generally 
follow the pattern of stable angina, whereas, the inter- 
mediate syndrome tends to develop in most patients 
with a diminished physical capacity. The coronary an- 
giograms performed in 133 patients with angina of re- 
cent onset and loss of physical capacity showed a defi- 
nite angiographic pattern: 91 percent had severe seg- 
mental proximal obstruction, and 80 percent had oc- 
clusion at the beginning of the left anterior descending 
coronary artery with excellent distal runoff. 

Angina after acute myocardial infarction: This 
group includes patients who have had angina pectoris 
within 30 days of a myocardial infarction. 

A prospective study was carried out in 146 patients 
followed up under medical treatment in these catego- 
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ries, and the conclusions are shown in Figure 11. Lem- — 


phasize that it will be impossible to compare medical 
and surgical treatment of unstable angina if we do not 
categorize the patients properly. The improper classi- 
fication of patients has caused much confusion in the 
current medical literature. 


A prospective randomized study has been carried out 


r 


. 
f 


in our department? in patients with the intermediate 
syndrome (Fig. 12) and progressive angina (Fig. 13) 


asymptomatic 


67.8 | | asymptomatic 
IS. A nie, 





mortality 





mortality 


FIGURE 12. Prospective randomized study of patients with the inter- 
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mediate syndrome showing the mortality rate and clinical status at 58 
months of follow-up. M.T. = medically treated group; n = number of — 


patients; S.T. — surgically treated group. 
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FIGURE 13. Prospective and randomized study of patients with pro- 


. gressive angina showing mortality rate and clinical status at 58 months 


of follow-up. Abbreviations as in Figure 12. 


given medical or surgical treatment. We are firmly 
. convinced that the intermediate syndrome is the chief 


indication for direct myocardial revascularization. The 
difference in mortality rates between medical and sur- 


. gical treatment is less striking in patients with pro- 


gressive angina, but we stress that about 60 percent of 
the patients treated surgically are totally asymptomatic. 
Therefore, some patients undergo the operation on the 
basis of angiographic findings alone; these patients 


_ Should be carefully selected. 


Results of a national randomized study on unstable 


— angina performed by the Myocardial Infarction Re- 
— search Unit group? in the United States indicate that 
_ there is no difference in morbidity and mortality in 
. medically and surgically treated groups. If we follow the 


- A. Angina pectoris of new onset 
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= Myocardial Infarction Research Unit criteria, it will be 
- difficult to admit our previous statement on unstable 
angina. Nevertheless, it is important to compare the 
_ Myocardial Infarction Research Unit classification of 
unstable angina with our own classification (Table III): 


TABLE Ill 


— Classification of Angina Pectoris 





Favaloro Foundation 
A. 'Angina of recent onset 
1. Preservation of 
physical capacity 


Myocardial Infarction Research Unit 


1. On effort 


2. Atrest 2. Loss of physical 
; capacity 
. B. Changing pattern of angina 
pectoris 
1. On effort 1. Progressive angina 
2. Atrest 2. Intermediate 


syndrome 
For both major groups pain might i 
occur as 
1. Single episodes 1. Acute persistent 
ischemia 
2. Discrete episodes 
3. Multiple episodes throughout 
day or night 
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We believe that patients with different prognoses have 
been mixed in the Myocardial Infarction Research Unit 
study and that the final results are related to the percent 
of patients in each category. It is important to note that 
"failure of medical treatment may be declared and the 
patient withdrawn from the study if chest pain during 
rest continues or life-threatening dysrhythmias persist 
despite vigorous medical therapy. Similarly, medical 
failure may become apparent after the patient leaves 
the hospital if he is found to have disabling angina 
pectoris. Such patients may be subsequently offered 
surgical therapy.” 33 Following these criteria, to date 33 
percent of the patients in the medical group*4 have been 
operated on. I believe that this is another study that 
should no longer be considered when trying to come to 
a definite conclusion on the benefits of medical and 
surgical therapy for unstable angina. 


Acute Myocardial Infarction 


It is difficult to discuss in a limited space all aspects 
of acute myocardial infarction and its surgical impli- 
cations. The important issue is differentiating the ex- 
tent of ischemia and necrosis. Sometimes it is even 
difficult to correlate the clinical and angiographic data 
with biopsy data obtained at the operating table; we 
perform a significant number of biopsies when we op- 
erate on patients with acute coronary insufficiency. 
Modern technology allows us to be more and more 
precise. 

The introduction of radioisotope imaging, mainly 
with thallium-201 and technetium-99m, and cross- 
sectional echocardiography has enabled us to obtain 
significant and valuable information. In addition, the 
utilization of nitroglycerin or postextrasystolic poten- 
tiation during catheterization can secure significant 
information for the clinician and the surgeon. If we 
consider the clinical history, the electrocardiogram and 
the data obtained with radioisotope imaging, cross- 
sectional echocardiography and coronary cineangiog- 
raphy, we will often be able to determine the extent of 
ischemic heart muscle and necrosis. 


TABLE IV 


Coronary Cineangiograms Performed Without Mortality in 
255 Patients During the Acute and Subacute Phase of a 
Myocardial Infarction 





Total Severe | 
Occlusion Occlusion 
(10096) (27096) Total 


Angina after acute myo- 98(59.3%) 166 
cardial infarction 

Left ventricular failure 

Severe mitral insufficiency 

Ventricular septal defect 1 

Intractable arrhythmias 

Cardiogenic shock 

Coronary emboli 

Peripheral emboli 

Reinfarctions 

Uncomplicated 2 

Total 138(54.1%) 


68(40.9 %) 


Set DD at | 
—-— 


de 
13 
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asymptomatic 





\ 
necrosis 


ischemia necrosis 






FIGURE 14. The coronary cineangiogram of most patients with angina 
after acute myocardial infarction (A.P.A.M.I.) (left) shows a small area 
of necrosis and significant areas of ischemia because of the presence 
of severe obstruction at the infarcted territory or other territories of the 
coronary circulation, or both. Bypasses can be performed (right), thus 
preventing further deterioration of the left ventricle. 


angina 1-11 


mortality 


mortality 


FIGURE 15. Prospective study of 60 patients with angina after acute 
myocardial infarction showing mortality rate and clinical status at 34 
month follow-up in medically and surgically treated patients. Abbre- - 
viations as in Figure 12. P. 


Significant knowledge has been obtained by per- 
forming coronary angiography during the acute phase 
of myocardial infarction. At present 340 patients have 
been studied in our institution. In Table IV the data 
obtained in the first 255 patients who have undergone 
coronary cineangiography during the acute and sub- f 
acute phases of myocardial infarction are analyzed. Our f 


experimental work with monkeys in Argentina dem- 
onstrated that myocardial muscle can tolerate anoxia 
much better than we anticipated from the results of 


of assisted circulation devices may lead to more suc- 


cessful treatment of this disorder; the Massachusetts 


General Hospital has the largest experience with these _ 


devices. In my opinion, most patients who develop - 
cardiogenic shock have grossly deteriorated heart . 
muscle with no reserve, and they seldom benefit from 
either medical or surgical treatment. D 
Angina after acute myocardial infarction: Angina - 
after acute myocardial infarction should be included in _ 
the classification of unstable angina, but for didactic - 
purposes I will discuss it with acute myocardial infarc- E 
tion. It includes patients who begin to experience angina ~ 
immediately after the acute episode or within the Ist — 
month after an infarction. E 
Patients with angina after acute myocardial infarc- _ 
tion were studied with coronary angiography, and six : 
angiographic patterns were found.*° The anatomy (Fig. 
14) demonstrates that the majority had severe ob- — 
structions with excellent distal runoff and an area of — 
infarction smaller than the total area perfused by such — 
coronary vessels; a significant portion of the heart i 
muscle was underperfused, and anoxia provoked angina 
pectoris. Another area of ischemia may be present if  . 
obstructions are found in other areas of the heart. 4 
Approximately 50 percent of the patients studied 
with cineangiography were excellent candidates for . 
revascularization. The results of a prospective study a 
carried out in 60 patients are shown in Figure 15. Al- a 
though the number of patients is small, the difference . 
in the results of surgical versus medical treatment is so — 
striking that I think patients with angina after myo- _ 
cardial infarction should be included in the group of - 
patients with unstable angina and should be given :- 


experiments previously performed in dogs.®° Never- 
theless, I emphasize that I still believe that uncompli- 
cated acute myocardial infarction should be treated 
medically. Our surgical approach to the complications 
of acute myocardial infarction can be summarized as 
follows: 

Interventricular septal defect or mitral insuffi- 
ciency: Patients with interventricular septal defect or 
acute mitral insufficiency are treated medically only 
until the 3rd or 4th week. If an operation is performed 
during the acute episode (that is, within the first 2 
weeks), the mortality rate is high. If a patient can be 
treated medically and then operated on in the 3rd or 4th 
week, the mortality rate decreases significantly because 
the presence of fibrous tissues facilitates the surgical 
repair. 

Severe arrhythmias: In patients with arrhythmias 
unresponsive to routine medical therapy, cardiac 
catheterization can be performed; the excision of scar 
tissue or revascularization, or both, can be life-saving 
even though the mortality rate is high. Of eight patients 
operated on in Buenos Aires, four died in the immediate 
postoperative period. 

Cardiogenic shock: Acute myocardial infarction 
complicated by cardiogenic shock is difficult to treat. 
Although significant advances have been made in the 
management of this condition and in the interpretation 
of its basic physiopathology, the mortality rate remains 
high with present medical treatment (87.4 percent in 
our coronary care unit). It is hoped that the introduction 
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. TABLE V 


. Ejection Fraction in Acute Myocardial Infarction: Results of 
_ Surgical Revascularization in 12 Patients 


Case Preop PEP 

1 no. Preop Basal After NTG Postop Basal 
b 1 0.75 0.80 0.65 
2 0.47 0.68 0.67 
» 3 0.35 0.68 0.59 
1 4 0.49 0.60 0.44 
E 5 0.54 0.75 0.70 
| 6 0.20 0.29 0.50 
i 7 0.67 0.86 0.83 
8 0.25 0.43 0.53 
9 0.45 0.59 0.62 
10 0.33 0.44 0.70 
11 0.64 0.76 0.78 
; 12 0.37 0.45 0.61 
1 Ave 0.46 0.61 0.63 

1 + SD + 0.16 + 0.17 +0.11 


 tentiation; Postop = postoperative; Preop = preoperative; SD = 
—. standard deviation. 


ba. 


- particular attention in modern cardiology. If a patient 
- continues to have true anginal pain after an acute 
= myocardial infarction, cineangiography should be per- 
_ formed, and if the previously outlined indications for 
- surgery are satisfied, then revascularization should be 
. performed. 
_ . The advantages of this approach are the following: 
- revascularization supplies blood to ischemic areas; ex- 
E tension of the infarcted area (reinfarction) is prevented; 
- complications (acute ventricular aneurysm, ventricular 
_ septal defect and mitral insufficiency) are prevented; 
- and the possibility of pump failure, cardiogenic shock 
- and arrhythmia is reduced. No deleterious effect on 
— ventricular function has been observed by placing the 
— grafts in the area previously infarcted (Table V). 


3 Patients Without Angina 

_ This category includes patients with congestive heart 
failure. They are generally at the end-stage of ischemic 
i heart disease and are not surgical candidates, except 
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severe lesion 
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3 vessels 
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when a large ventricular aneurysm or severe mitral in- 
sufficiency is present. Arrhythmias sometimes com- 
plicate ventricular aneurysm or scar tissue and are a 
clear-cut indication for surgery when they cannot be 
controlled with medical treatment. Since our first suc- 
cessful surgical experience in 1964, we resect the scar 
tissue and perform concomitant revascularization when 
indicated. Since 1971, we have operated on 21 such 
patients in Buenos Aires, with four hospital deaths. The 
operation is highly successful when the interventricular 
septum is not involved. If the trigger zone for arrhyth- 
mia is in this area, resection of scar tissue or aneurysm 
does not solve the problem and the patient continues 
to have arrhythmias during the postoperative recup- 
eration. 

Patients with coronary arteriosclerosis may have 
sudden episodes of dyspnea as the only manifestation 
of the disease. We do not know why angina is not 
present; perhaps the threshold is not enough to trigger 
the pain mechanism. Our prospective studies on pro- 
dromes of acute myocardial infarction demonstrated 
that with medical treatment alone, the prognosis is poor 
for patients with dyspnea; in 35 patients the mortality 
rate was 46 percent in our coronary care unit. The 
clinician should be aware of this phenomenon; coronary 
angiography is mandatory and, if severe obstructions 
are present, revascularization procedures should be 
performed. 


Asymptomatic Patients 


Interest in these patients will increase, and clinicians 
and surgeons will be able to establish the proper 
guidelines for treatment through intensive clinical re- 
search and experience. It is important to differentiate 
patients who are asymptomatic and who lead normal 
lives without restriction of their physical activity from 
patients who limit their physical activity because of fear 
or the advice of their phvsician. 

Asymptomatic patients with previous myocardial 
infarction: A group of 100 asymptomatic patients after 
a previous myocardial infarction were evaluated with 
coronary cineangiography (Fig. 16). An expert team 


FIGURE 16. Coronary angiograms performed in 100 patients 
who were asymptomatic after a myocardial infarction. Sixty- 
seven patients had diaphragmatic myocardial infarctions (A), 
and 33 had anterolateral myocardial infarctions (B). A significant 
number of patients with anterolateral and diaphragma:ic myo- 
cardial infarction had double or triple vessel disease. ACDA — 


multiple anterior descending coronary artery; CxCA = circumflex cor- 
lesions onary artery; RCA = right coronary artery. 
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performed a critical analysis of the coronary cinean- 
giograms and determined, in relation to the myocardial 
area involved, the possible surgical indications. Fol- 
lowing this procedure, 42 patients were operated on with 
one hospital death. 

Patients who have had a myocardial infarction and 
remain asymptomatic should periodically undergo at 
least an exercise stress (erogometric) test or coronary 
angiography to determine which patients are proper 
surgical candidates. With the widespread use of er- 
gometric studies in men, the physician often sees pa- 
tients who lead a normal life but whose electrocardio- 
gram is abnormal on exercise. Should cineangiography 
be performed in all these patients, or should we, by 
carefully reviewing the clinical history (for example, the 
age, family history, and risk factors), recommend an- 
giography only in some of them? Should we recommend 
surgery if severe obstructions are present? These 
questions will have to be answered in the future. A 
typical example of severe coronary artery disease in an 
asymptomatic patient with a positive ergometric test 
is shown in Figure 17. 

Patients with associated peripheral vascular 
disease: This category includes patients who come to 
consultation because of clinical manifestations of ar- 
teriosclerosis in areas outside the heart: cerebrovascular 
insufficiency, abdominal aneurysm or peripheral vas- 
cular disease; during catheterization in these patients 
severe obstructions are found in the coronary circula- 
tion. Since 1972 in our department all patients with 
vascular disease have been studied with cineangiogra- 
phy utilizing the brachial artery and different cathe- 
ters.9758 The procedure can be done with local anes- 
thesia, with less morbidity than with previous percu- 
taneous techniques in different vascular areas. Coronary 
angiography is also performed, and once again the sur- 
geon faces a dangerous combination—an abdominal 
aneurysm or a carotid plaque or obstructions at the in- 
ferior limb level in a patient who may have lesions in the 
coronary arteries. Because the principal cause of death 
in vascular surgery is myocardial infarction, the surgeon 
should decide if silent, severe coronary arterial lesions 
should be operated on first or simultaneously with the 
other arteriosclerosis. 

Patients with associated valve disease: This cat- 
egory includes patients with valve disease and con- 
comitant coronary obstruction. At the Cleveland Clinic 
since 1962 and in Buenos Aires since 1971, candidates 
for valve reconstruction or replacement undergo routine 
coronary angiography during catheterization. That 
patients with aortic or mitral valve disease may have 
concomitant arteriosclerosis was reported by us in 
1965.89 Since experience with such patients in 1968, we 
have been convinced that if a patient who is to be op- 
erated on for valve disease has severe obstructions at the 
coronary level, combined simultaneous procedures 
should be performed. 

Patients at risk for coronary artery disease: Pa- 
tients included in this category come to consultation 
with a definite family history of coronary arteriosclerosis 
or with risk factors. If routine ergometric stress tests are 
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FIGURE 17. Coronary cineangiograms performed in a 59 year old pa- 
tient who was asymptomatic after a routine positive ergometric test. 
There were significant obstructions (A) at the middle third segment 
(arrow) of the right coronary artery and (B) at the proximal third (ar- 
rows) of both the anterior descending and circumflex branches of the 
left coronary artery. 


performed and are strongly positive, coronary cinean- 
giography should be performed. 

Patients with abnormal electrocardiograms, si- 
lent myocardial infarction, conduction defects and 
left ventricular hypertrophy: The Framingham 
study?? demonstrated that the prognosis for patients 
with silent myocardial infarction visualized only in the 
electrocardiogram is similar to that for patients with a 
clear-cut history of previous myocardial infarction. 
Although patients with an abnormal electrocardiogram 
may have different degrees of cardiomyopathy, it is well 
known that those with left ventricular hypertrophy, 
conduction defects and nonspecific S-T and T wave 
abnormalities have a poor prognosis.?? Clinical judg- 
ment and the exercise electrocardiogram will determine 
whether coronary angiogram and surgery are neces- 
sary. 

To understand this approach to asymptomatic pa- 
tients, who are certainly in the preclinical stage of the 
disease, one must remember that 50 percent of patients 
with coronary arteriosclerosis die suddenly and that in 
30 percent of patients sudden death is the first mani- 
festation of the disease. Several reports and our own 
observations demonstrate that sudden death occurs 
mostly in patients with severe diffuse disease. Our 
prospective studies have shown striking differences in 


Y. 
" í aaa 


z - NM Y N 


ULARIZATION—FAVALORO 


























January 1979 The American Journal of CARDIOLOGY Volume 43 125 |. 


"DIRECT MYOCARDI AL REVA Sc CULARI 





[y] ST. (n:121) 


3 m 








E. o OK OE EE K ROC 
Mii ~ E jM i 
X > == MT (n: 96) 
E 20 
A ST. (n.206) 
2 
| i MT (n:196) 
* SS 
A pu =e 
Er Y= 
A . NL 


. FIGURE 18. Incidence of sudden death in patients under medical (M.T.) 

. and surgical treatment (S.T.). A, study reported by Vismara et al.?'; 39 

.. month follow-up. B, our prospective study: 40 month follow-up. There 

_ is a remarkable difference between medically and surgically treated 

. patients in both studies. p = probability; other abbreviations as in Figure 
E. 12. 
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— sudden death among surgically and medically treated 

patients (Fig. 18). Similar findings have been confirmed 
—— by other reported studies; the most important contri- 
= bution was that of Vismara et al?! Perhaps we need 
— further study to make certain that early surgical inter- 
= vention prevents sudden death; this field is open for 
— future investigation. 


a Present Status of Coronary Surgery 


_ The use of direct myocardial revascularization for 
more than 10 years has made it an accepted procedure 

E in the treatment of coronary arteriosclerosis. In 1971 I 
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wrote: “Without being a prophet, I am convinced that 
the present combined medical and surgical efforts will 
show that the natural evolution of coronary arterio- 
sclerosis already has been changed. Everyone knows 
that the intensive research with the goal of preventing 
coronary arteriosclerosis will solve the problem. 
Meanwhile, we cannot sit and wait. A tremendous task 
is before us, and American technology must find a way 
to bring diagnostic and therapeutic measures to the 
community level.” 92 

It was difficult at that time to convince some medical 
colleagues, and one of them wrote: “In spite of all mea- 
sures recommended the death rate from ischemic heart 
disease is as high now as ever, or higher.” ?? A few 
months later in another article?4 I stated, “I do not have 
any doubt that the long follow-up will prove that pro- 
longation of the cardiac patient's life, improvement in 
his health, and a return to productive living are now 
realistic results of surgical procedures." I am convinced 
that at present the operation not only improves the 
quality of life but also prolongs life in properly selected 
patients. The indications are defined much more pre- 
cisely now because we know the advantages and disad- 
vantages of the operation, the natural history of the 
disease and the proper utilizazion of diagnostic proce- 
dures with noninvasive and invasive techniques (Fig. 
19). We can therefore be far more confident in recom- 
mending the operation. 

I must emphasize that if we do not classify our pa- 
tients properly and interpret tne coronary angiograms 
accurately, we will be unable to acquire a scientific 
knowledge of coronary arteriosclerosis. A worldwide 
classification system should be discussed and then ac- 
cepted by cardiologists and cardiovascular centers in 
order to select the proper candidates for medical and 
surgical treatment. I also plead for early utilization of 
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FIGURE 19. The problems related to the operation, the 
natural evolution with medical treatment (M.T.) and the 
proper utilization of diagnostic procedures clarify the 
indications for surgery. 





the wide variety of diagnostic procedures now available 
in addition to coronary angiography. We cannot rely 
only on our patients’ clinical history and our own 
judgment, even though much information may by ob- 
tained. 

If we use aggressively, even in the preclinical state, 
all the available invasive and noninvasive procedures 
that can be performed with minimal morbidity and 
mortality, we should be able to select for surgery pa- 
tients who are at high risk. Our present medical treat- 
ment, mainly by the utilization of vasodilators and beta 
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blocking agents, exercise programs and surgical indi- 
cations, certainly benefits the patient. Nevertheless, all 
the treatments are palliative, and while enough time and 
money are being spent on research to identify the 
principal landmarks of the early manifestations of ar- 
teriosclerosis, we cannot sit and wait. The knowledge 


acquired about coronary arteriosclerosis imposes a 
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medical responsibility on clinicians and cardiovascular 


surgeons who must discuss the indications for each 
patient suffering from the predominant cause of death 
in our time. 
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JOHN J. COLLINS, Jr., MD, FACC 


Boston, Massachusetts 


Development of the capability for introducing a new 
source of blood supply to the native coronary arteries 
is a remarkable surgical achievement. Rene Favaloro, 
principal architect of the widely used aortocoronary 
bypass operation, is to be congratulated for his concept 
and for his great skill in demonstrating in Cleveland and 
Buenes Aires that such operations can be performed 
with a low level of mortality and morbidity in many 
patients despite extensive coronary arterial obstruction 
and severe angina pectoris. In the preceding Ninth 
Annual Louis F. Bishop Lecture,! Favaloro describes 
the development and evolution of direct revascular- 
ization surgery, characteristically understating his own 
role in introducing the concept of aortocoronary vein 
bypass. 

In the past decade a spectacular increase in the 
number of revascularization operations has occurred, 
giving rise to concern whether so much surgery is de- 
sirable and, if so, whether such an expensive manage- 
ment program for such a widespread disease as coronary 
arteriosclerosis is economically feasible. It has certainly 
been established that coronary bypass surgery amelio- 
rates the symptoms of angina pectoris, often permitting 
return to a normal lifestyle with no need for medication 
even in many patients previously refractory to medical 
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management. The favorable effect of revascularization 
surgery on symptoms of angina has had widespread 
publicity and many, if not most, patients with symp- — 
tomatic coronary disease must wonder whether surgery _ 
might offer some benefit for them. Physicians caring for _ 
patients with coronary obstructive disease often must — 
decide on the basis of symptoms alone whether medical | 
therapy is indicated or whether surgery should be con- 
sidered. This is truly hazardous because many patients 
with relatively mild symptoms may have a high risk of 
myocardial infarction or sudden death. 


Indications for Operation 


Although noninvasive studies have proved valuable 
when results are analyzed by experts in conjunction with 
clinical findings, the incidence of false negative re- | 
sponses is sufficiently great that patients with suspi- 
cious clinical histories should not be especially reas- 
sured. It seems unavoidable that coronary angiography 
must become a cornerstone of management for patients 
with angina pectoris. The decision for recommending 
medical or surgical management should be made-on the 
basis of extent of significant coronary obstructive dis- 
ease and the functional capability of the left ventricle 
unless some other cardiac or systemic disease is dis- — 
covered that takes precedence. It is useful to consider 
that the extent of coronary obstruction establishes the 
indication for operation and left ventricular function 
defines the risk. In patients with an ejection fraction of _ 
35 percent or better, the presence of significant left main — 


* Editorial comments published by the Journal reflect the views of the authors and do not 
necessarily represent the views of the Journal or of the American College of Cardiology. 
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| coronary arterial obstruction, three vessel obstruction 
- or obstruction of two vessels including the proximal left 
anterior descending coronary artery, surgery should be 
- strongly considered and recommended unless signifi- 
- cant additional surgical risk is identified. Our results, 
. as well as those from several other centers,?-4 indicate 
- better longevity in these patients after surgery than has 
- yet been reported in any medically managed group of 
patients with similar obstructions regardless of other 
. risk factors. 

— Patients with other combinations of two vessel ob- 

- struction and those with single vessel disease must be 
managed on an individual basis. We regard medical 
_ treatment of very proximal lesions of the left anterior 
_ descending coronary artery as hazardous, although the 
- risk has not been rigidly demonstrated. The principal 
- indication for operation in these patients remains in- 
—. tractability to medical therapy. 


Morbidity, Mortality and Costs 


What may be said of the morbidity, mortality and 
| expense of such a program for the management of an- 
- gina pectoris? And what of the comparison with modern 
rie management? 

Coronary arteriography can and should be performed 
with little morbidity and extremely low risk of mortal- 
| ity. In addition, with proper organization, the time spent 
in the hospital should be no more than 1 or 2 days and 
_ the expense should be less than that for repair of an 
queue hernia. Revascularization surgery, performed 
— by expert surgeons, has a demonstrated risk of less than 

3. 0 percent in many centers. Morbidity is minimal for 

. most patients, and more than 90 percent of patients may 

i _ be expected to experience significant relief from angina 

= pectoris. Analysis of recurrence of angina during the 

. first 6 years after operation shows a slow but definite 

progression. About 65 percent of patients may expect 

to have a normal life style capability 6 years after op- 
eration. 

'The cost of revascularization surgery in patients with 

= severe angina pectoris may be amortized soon after 
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surgery, as shown in a recent study,* simply by a re- 
duction in the number and duration of hospital ad- 
missions for treatment of angina. With less severe an- 
gina, particularly if no hospitalization has been re- 
quired, it is more difficult to judge the cost of surgical 
management. Attempts to compare job occupancy be- 
fore and after surgery may show no significant differ- 
ence, but the reasons for unemployment after surgery 
may be quite different from those pertaining before. For 
example, an employer may exclude persons after heart 
surgery, regardless of the result, or disability compen- 
sation may be too comfortable for some to risk losing it 
by returning to work. It is significant that a much higher 
rate of return to work is characteristically observed in 
patients who are self-employed. 


Implications 


The spectrum of usefulness of myocardial revascu- 
larization has been well discussed by Favaloro. He has 
also emphasized, quite properly, that bypass surgery is 
palliative therapy and in no way excuses us from con- 
tinuing the quest for means to control definitively the 
development of coronary arteriosclerosis. 

For the present, coronary bypass surgery seems to 
have a significant place among therapeutic programs 
for ischemic heart disease. However, it is not an isolated 
act, and those who would perform it are obligated not 
only to pursue the technical skills necessary for a high 
rate of success, but also to undertake revascularization 
only when the mortality or morbidity risk of medical 
management appears greater than that expected with 
surgery. An unselective attitude of aggressive surgical 
management is unnecessary and ill-advised. 

No series of medically managed patients yet reported 
on shows longevity comparable with surgical results 
reported from the best centers in patients with multiple 
vessel coronary obstructive disease. A better random- 
ized prospective study does not seem likely to appear 
soon, and the best way to limit the application of coro- 
nary bypass surgery is to eliminate the need for it by 
controlling coronary arteriosclerosis. 
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The problem of arrhythmogenesis in acute myocardial infarction is ap- 
proached by an analysis of the biochemical and metabolic factors causing 
abnormalities in the cardiac action potential. A fundamental change in 
acute ischemia is the abrupt increase in extracell potassium occurring 
within seconds of coronary occlusion. Localized hyperkalemia not only 
causes loss of resting membrane potential and shortening of the action 
potential duration but also can block the fast inward current to unmask 
the slow channel. If hyperkalemia is sufficiently severe, then normal phase 
0 depolarization cannot occur. In such conditions, a slow response can 
be provoked by catecholamine activity, the cell effects of which are 
thought to be mediated by cyclic adenosine monophosphate (AMP). In- 
creased cyclic AMP in ischemic tissue is circumstantially linked to the 
onset of ventricular arrhythmias and fibrillation after coronary occlusion 
in baboon, cat and pig preparations. More direct evidence for an ar- 
rhythmogenic role of cyclic AMP is provided by the demonstration in an 
isolated heart preparation of a decrease in the ventricular fibrillation 
threshold by perfusion with exogenous dibutyryl cyclic AMP or by an in- 
crease in tissue cyclic AMP by beta agonists or theophylline, or both. 
Glycolytic adenosine triphosphate appears to play a special role in the 
maintenance of the action potential duration because lactate, free fatty 
acids or inhibition of glycolysis all shorten the action potential duration. 
Glucose is the substrate best able to maintain the action potential duration 
during hypoxia. 

Increased automaticity occurs in partially depolarized Purkinje fibers, 
especially when there is stimulation by catecholamines or cyclic AMP 
in the presence of a low external potassium level. These and other met- 
abolic factors are thought to play an important role in the genesis of 
ischemic arrhythmias. An understanding of these effects contributes 
significantly to the elucidation of the mode of action of antiarrhythmic 
drugs. It remains to be determined whether the hypotheses derived from 
a variety of animal models can be extrapolated to the very complex setting 
of ischemic heart disease in man. 


Ventricular fibrillation is the probable mechanism underlying the ma- 
jority of sudden deaths in patients with ischemic heart disease, and 
ventricular arrhythmias continue to be a serious problem in patients with 
acute myocardial infarction. Despite much research and many elegant 
studies of the possible electrophysiologic mechanism underlying ven- 
tricular fibrillation,!-? a complete understanding of this condition has 
not been achieved. In particular, the possible contributions of metabolic 
and biochemical factors to the pathogenesis of malignant arrhythmias 
and ventricular fibrillation have not been emphasized. 

The electrophysiologic factors known to augment arrhythmogenesis 
include the following99: (1) A decreased (less negative) resting po- 
tential: This could set the stage for several different mechanisms of 
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(TABLE I 





. Association Between Myocardial Potassium Loss and 
. Ventricular Arrhythmias - 


¥ A. Factors Promoting Myocardial Potassium Loss and Arrhythmias 


1. Ischemia and infarction! '2 
2. Catecholamine stimulation, '^ especially in the | presence of 
hypoxia*^ and when given in a large dose'® 
3. Rapid ventricular tachycardia 158 
. 4. Direct current countershock '? 
5. Potassium-losing diuretic drugs such as furosemide 19-112 


B Antiarrhythmic Factors Decreasing Myocardial Potassium Loss 


1. Procainamide 1? 
2. Lidocaine !59 
3. Propranolol'9: 122 
4. Quinidine'? 
5. Glucose-insulin'@ 


| l _ Note that (1) retention of potassium is probably not the major or only 
. mode of action of the agents listed under B; and (2) potassium ion 
.. movements are the electrolyte changes of greatest clinical signifi- 


cance. !5 


arrhythmogenesis such as slow conduction, one-way 


block and parasystole." Hence this review first considers 
the role of potassium ion, a major factor in the mainte- 
nance of the resting potential. (2) Changes in phase 0: 


. Should there be interference with the fast inward 


channel during phase 0 of the action potential, then 


. factors promoting the continued activity of the slow 
. (predominantly calcium) channel may result in the 
_ formation of the “slow response," which in turn leads 


= to very slow conduction and favors reentry.!? The roles 
_ of hyperkalemia and cyclic adenosine monophosphate 


=- (AMP) in this sequence of events will be described in 


E detail. (3) A shortened action potential duration: This 
. results in correspondingly shorter relative and absolute 


refractory periods. The action potential duration is 
dependent on the substrate supply, and replacement 
of glucose by lactate or free fatty acids (frequently ele- 
vated in acute myocardial infarction) shortens the du- 
ration. (4) An increase in the rate of spontaneous de- 


. polarization (phase 4): In cells possessing pacemaker 


function, this change promotes ectopic activity, espe- 


~ cially in the presence of a decreased resting potential. 


E 3 


. Tachycardia could also occur. 


Consequently one might predict that any biochemical 


- factors that decrease the resting potential or produce 


the slow response, or shorten the action potential du- 
ration or enhance phase 4 depolarization could be of 
importance in the genesis of arrhythmias. Such factors 
are evaluated for their possible role in the ventricular 


a arrhythmias and fibrillation that develop in acute 
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myocardial infarction. 


Il. Regulation of Resting Membrane Potential 


Potassium loss from heart (Table I): The relation 
of potassium loss from the heart to the onset of ven- 


tricular arrhythmias after coronary arterial occlusion 
was first proposed by Harris et al.!! more than 20 years 


ago. They found increased coronary venous potassium 
values during the onset of arrhythmias occurring late 
after coronary arterial ligation. Since then, links be- 
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tween potassium and arrhythmogenesis have received 
further support from the work of Regan et al.,!?-!4 using 
a closed chest dog model with thrombosis of the left 
anterior descending coronary artery. A recent review! 
stressed that disturbed potassium metabolism could 
account for the vast majority of clinical arrhythmias. 

The mechanism whereby potassium loss promotes 
very early arrhythmias after coronary ligation cannot 
be merely depletion of cell potassium, which requires 
2 to 4 hours to become evident.!© Increased extracell 
potassium, as found in coronary venous blood very early 
after coronary occlusion, may play a more important 
role.!’-!9 Theoretical considerations show that when the 
cell is depolarized to values less negative than —50 mv, 
the rapid inward current is inactivated and the resting 
potential approaches the threshold potential for the 
slow inward current.!/ According to the Nernst equation 
this degree of loss of membrane potential can result 
when the extracell potassium level reaches 16.5 milli- 
moles (mmol)/liter (that is, an increase in the extracell 
potassium level of about 12.5 mmol/liter) and the in- 
tracell potassium level falls by the same amount (as- 
suming an intracell potassium value of 120 mmol/ 
liter). 

Can such extracell values of potassium occur in 
ischemic tissue? Within a few minutes of coronary li- 
gation, the coronary venous potassium level can rise to 
6.0 mmol/liter.*? Because local coronary venous sam- 
pling may involve up to a threefold dilution from less 
severely ischemic or even nonischemic myocardium,?! 
the actual extracell potassium values may be up to 18 
mmol/liter, that is, high enough substantially to inhibit 
the fast inward channel and, hence, to promote slow 
responses (see Section II). However, even lesser degrees 
of elevation of the extracell potassium values can un- 
mask the slow channel (Fig. 1). In addition, hyperka- 
lemia also causes a less marked overshoot and a shorter 
action potential duration (Fig. 2).!9 

How quickly can extracell potassium increase in 
ischemia? If S-T segment elevation can be related to 
myocardial potassium movements,!? then extracell 
potassium increases within the first 10 seconds of cor- 
onary occlusion judging by the speed of S- T elevation 
found by Bruyneel.?! Extracell potassium can be ex- 
pected to increase from 5 to 10 mmol/liter within 10 
seconds if all active potassium transport is blocked —for 
example, by acidosis.!? The intravenous or intraarterial 
infusion of potassium salts rapidly produces ectopic 
activity?? and ventricular fibrillation, the speed of which 
may be related to the rate of rise of the blood level of 
potassium, although direct evidence on this point is 
lacking.? 

Drugs and insulin: The antiarrhythmic agents 
propranolol, quinidine, procainamide, lidocaine and 
glucose-insulin all decrease myocardial potassium loss.!? 
In the specific cases of procainamide,!? glucose-insulin!? 
and lidocaine,?? decreased potassium loss has been di- 
rectly associated with the antiarrhythmic activity 
(Table I). Because some of these agents (lidocaine, 
glucose-insulin) may also act to reduce myocardial 






ischemic damage,!??^ it is debatable whether the po- 
tassium retention is their only mode of antiarrhythmic too slow to account for the 7 to 10 mv of hyperpolari- : 


action. 


The possible role of insulin and hyperpolarization 


zation found.7® 


in the reported antiarrhythmic effects of glucose-insu- nary venous blood: As judged by metabolic changes in 


lin-potassium?? are still open to question. Insulin hy- 


perpolarizes skeletal muscle”® even in the absence of cardial metabolism takes place before the onset of 


glucose in the medium,” possibly as a result of potas- 
sium uptake by muscle. However, the increase in muscle 
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potassium under the influence of insulin is too small and 


Relation of potassium to other changes in coro- - 


coronary venous blood, a sharp deterioration in myo- - 
ventricular fibrillation.28 Metabolic events other than. | 
increased venous potassium could be relevant to elec- 
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a. K*t=5-9mmolll b. K*- 12mmoii 
0 MTG, GEC Ts 0 Sey ee 
Vis d VIs 200 
0 0 
mV mV 
FIGURE 1. Effect of hyperkalemia on upstroke ve- 
locity (dV/dt) of the action potential. There is pro- -80 -80 
gressive unmasking of the slow pesponao by in- 
creasing the external potassium (K^) concentration. r 
Recordings are from the right ventricular papillary 0 ms 20 0 ms 20 
muscle of a guinea pig. Upper tracing, dV/dt. Lower 
tracing, transmembrane voltage, showing only phase 
0 of the action potential. b, c and d each show the : 
effects of 8 minutes of superfusion with a modified C. K*=14:25mmolll d. K*-16:5mmolt 
Krebs-Henseleit solution containing high levels of 
potassium. Between b and c and between c and d, the 0 0 RECEN Ta rte 
muscle was superfused for approximately 15 minutes VIs P Vis d 
in the control solution (Krebs-Henseleit), allowing ? 
recovery. a, peak positive upstroke velocity (+dV/ 0 0 
dtmax) = 141 v/sec; action potential duration at 90 
percent repolarization was 148 msec; b, +dV/dtmax mV mV 
— 78 v/sec, action potential duration — 121 msec; c, 
-FdV/dt,,4, = 33 v/sec, action potential duration = -80 -80 
117 msec; d, +daV/dtmax = 4.3 v/sec, action potential 
= 117 msec (approximately). | = liter; mmol = mil- 
moles; ms = millisecond; mV = millivolt; s = second; p———aA rm 
V = volt. 0 ms 20 0 ms 20 
FIGURE 2. Effect of hyperkalemia 
on the transmembrane action po- 
tential. Recordings were from the 
right ventricular papillary muscle of 
a guinea pig. Upper tracings, up- 
stroke velocity (dV/dt). Lower 
tracings, transmembrane voltage. 
a, control study—muscle super- 
fused with Krebs-Henseleit solution 
containing glucose, 11 mmol/liter e 
and potassium, 5.9 mmolar/liter. a. K*- 5-9mM b. Kt- 20 mM 
Peak positive upstroke velocity 
+dV/dtmax = 187 v/sec, action yjsec 4 Penta ‘a thy > th GOR a V|sec 1 ; 
potential duration = 119 msec (90 200 200 
percent repolarization). b, effects of 
15 minutes of superfusion with a 0 0 
solution containing 20 mmol/liter 
potassium. +dV/dt,,, = 78 v/sec, 
action potential duration = 97 mV mV 
msec. Note that (1) resting potential 
is less negative, (2) upstroke is - 80 -80 
slower, (3) overshoot is less 
marked, and (4) action potential 
duration is shorter. Abbreviations as ammo Gra 
in Figure 1. 0 msec 200 Q0 msec 200 
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= trophysiologic events in ischemia. Acute metabolic 
- acidosis decreases the ventricular fibrillation thresh- 
. old.?? Lactate shortens the action potential duration 
. and promotes phase 4 depolarization of sheep Purkinje 
— fibers.?? “Ischemic” blood obtained by release of the 
. coronary artery of a pig after 15 minutes of occlusion has 
. adverse electrophysiologic effects (shortening of the 
action potential duration, loss of resting potential and 
amplitude, and reduction in velocity of the upstroke) 
when introduced into the bath of normal muscle 
: iris. ?1 Another interesting possibility is that cyclic 
- adenosine monophosphate (AMP), known to be in- 
- creased i in ischemic cells soon after coronary occlusion 
in the baboon,*” the cat?? and the pig,?^ could be washed 
- out into coronary venous blood.?? Cyclic AMP can, in 
- the correct circumstances (see Section III), provoke the 
- slow response. 
Elucidation of the exact identity of the changes in 
- coronary venous blood affecting the action potential 
_ duration would be important. Hence we studied the 
. effects of hyperkalemia and changes in lactate, pH and 
— inorganic phosphate on the action potential. Although 
= each factor individually could be shown to have specific 
.. effects on the action potential duration, when they were 
.—. combined in one solution in concentrations chosen to 
— mimic those thought to be found in venous blood in the 
-~ infarcting myocardium (pH 6.5, potassium 12 or 16.5 
= mmol/liter, phosphate = 5 mmol/liter and lactate = 5 
ji mmol/liter), the overall changes noted appeared to be 
^ dominated by the potassium effect, that is, a less neg- 
. ative resting potential, a slower peak positive upstroke 
— velocity (dV/dt) and reduced action potential duration 
— (Nathan and Opie, unpublished data). 
Comment: Potassium loss in ischemia is manifest as 
= (1) true cell potassium depletion, which starts soon after 
_ the onset of ischemia but progresses slowly, because of 
- the high tissue level of potassium; and (2) a very rapid 
_ rise in extracell potassium, which is the major factor 
= contributing to changes in the resting potential and 
_ which may induce ectopic activity as well as inhibition 
= ofthe fast response. 


= 


ll. Fast and Slow Components of the 
Action Potential 


The historical development of links between the slow 
= component of the action potential and arrhythmogen- 
— esis has been traced by Surawicz.?9 In recent years, re- 
— ports dealing with fast and slow responses have not al- 
— ways added clarity to the subject. Attempts to elucidate 
_ the nature of the currents underlying the fast and slow 
. responses revealed a variety of results depending on the 
. animal used, the specific cardiac tissue studied and the 
— mature of the intervention (variation in ionic concen- 
trations of perfusing fluid or the addition of tetrodo- 
_ toxin or manganese).’ Application of the voltage clamp 
. technique appears to confirm earlier impressions that 
_ the slow current is carried predominantly by calcium 
ions, but a certain reserve still surrounds the interpre- 
~ tation of voltage clamp studies, particularly those per- 
. formed on the ventricular myocardium. This led 
. Cranefield’ to make the following comment: “The 
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problems and questions that surround the use of the 
[voltage clamp] technique are sufficiently numerous to 
create an unusual situation in that the interpreters of 
results obtained by voltage clamping often draw heavily 
on results obtained by very different techniques to 
support and substantiate their conclusions." 

Slow and fast responses and slow and fast chan- 
nels: In order that the arguments that follow may be 
more easily understood, we offer the following simplified 
summary of the subject of slow and fast responses, based 
on transmembrane action potentials recorded from 
different cardiac tissues under varying experimental 
conditions: 

1. In normal atrium, Purkinje fiber and ventricular 
myocardium, with physiologic resting potentials in the 
region of —80 to —90 mv, the action potential is char- 
acterized by a very rapid upstroke (phase 0): the peak 
dV/dt of phase 0 is generally more than 150 v/sec and 
may be as high as 600 v/sec in Purkinje fibers. This rapid 
form of phase 0 is known as the fast response. 'The 
underlying ionic current (fast inward current) is now 
generally accepted as being carried by sodium ions 
through a specific passage in the cell membrane, which 
may therefore be termed the fast channel. In all tissues 
demonstrating the fast response, the rate of conduction 
of the depolarizing wave front through the tissue is also 
rapid. © 

If any of these tissues are subjected to an intervention 
that diminishes, abolishes or blocks the fast inward 
current, then, under certain circumstances, the action 
potential, which is either “unmasked” or “evoked,”’ 
shows a very much slower rate of rise and, hence, a 
slower rate of conduction. These are known as slow re- 
sponses and are attributed to a slow inward current, 
possibly moving through a different channel from that 
of the fast inward current, namely the slow channel. 
These slow responses may be “unmasked” in situations 
in which the sodium-dependent fast response is abol- 
ished, for example, by the addition of tetrodotoxin?’ or 
quinidine?*?? or in a sodium-free solution.*? 

Alternatively, the fast response may be diminished 
or abolished by increasing the external potassium con- 
centration, and thus creating a less negative resting 
potential. At a certain level of external potassium con- 
centration (about 16 mmol/liter), the fiber becomes 
nonresponsive to normal stimuli (that is, not exceeding 
10 percent above threshold), but action potentials can 
be evoked by different interventions such as: (a) in- 
creasing the strength of the stimulus; or (b) addition of 
catecholamines, methyl xanthines, histamine, dibutyryl 
cyclic AMP or cyclic AMP.4! Under these circum- 
stances, the action potential will show the characteris- 
tics of the slow response to a greater or lesser degree. 

The nature of the slow inward current that is re- 
sponsible for the slow response has been the subject of 
some controversy, but it is now fairly well accepted that 
the dominant ion responsible for this current is calcium, 
with participation of sodium to a varying degree. 

2. In normal nodal tissue of the sinus and atrioven- 
tricular nodes, where the resting potential is less neg- 
ative than nonpacemaker tissue (about —60 to —65 mv), 
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the action potential has a much slower rising phase 0 
that is not dependent on the external sodium concen- 
tration, and is, therefore, also categorized as a slow re- 
sponse. 


3. Between the extremes of (1) and (2) can be found © 


certain junctional and perinodal tissues that normally 
show an intermediate form of action potential with a 
phase 0 showing an initial rapid response interrupted 
by a slower, terminal response.*? 

Role of slow responses in arrhythmogenesis: The 
significance of action potentials that have a slow up- 
stroke is that, because of their much slower rate of 
propagation, they are thought to play an important role 
in arrhythmogenesis.^1996 Action potentials showing 
slow response activity have in fact been recorded from 
partially depolarized cells adjacent to the myocardial 
infarction.*? Slow responses could explain the links 
between the onset of ventricular fibrillation and the slow 
conduction of early premature responses.? However, 
because of their long refractory period, slow responses 
are unlikely to be the cause of tachyarrhythmias that 
exceed 200 beats/min.*4 
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FIGURE 3. Cyclic adenosine monophosphate (AMP) and ventricular 
ectopic complexes in the pig heart after coronary arterial ligation. The 
model is based on that of Podzuweit and Lubbe.** Ten to 15 minutes 
after coronary arterial ligation in the pig, there is a temporary increase 
in cyclic AMP in the ischemic zone associated with ventricular ar- 
rhythmias, including ectopic systoles. Such a temporary rise of cyclic 
AMP without the development of ventricular fibrillation is more char- 
acteristic of ligations of a branch of the left anterior descending coronary 
artery, although the experiment shown involved a low ligation of the 
artery itself. The latter type of ligation produces a larger infarct than 
ligation of a lateral branch, and there is a more persistent elevation of 
tissue cyclic AMP levels with the more frequent development of ven- 
tricular fibrillation (Muller and Opie, unpublished data). Note that other 
metabolic changes such as decreased creatine phosphate (CP) and 
increased lactate (not shown) cannot be linked to the development of 
arrhythmias. 
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Role of fast responses in arrhythmogenesis: If 
powerful antiarrhythmic agents act against the fast 
response, then the fast channel must also play some role 
in arrhythmogenesis, although this role is not clearly 
understood. Vaughan Williams has grouped as class 
I agents those that act chiefly on the sodium chan- 
nel—quinidine, lidocaine, procainamide, mexiletine and 
diphenylhydantoin. Further evidence for the role of the 


fast inward channel in arrhythmogenesis stems from — 


studies with the arrhythmogenic agent aconitine, which 
accelerates spontaneous depolarization of pacemaker 
cells and can also provoke ventricular fibrillation; aco- 
nitine is thought to promote the fast inward sodium 
channel.4446 The fast response could also play a role in 
arrhythmias induced by a low external potassium level, 
which should cause a relative hyperpolarization in the 
cell and facilitate development of the fast response.*4 
In general, however, it is loss of resting potential that 
is held to be arrhythmogenic, not hyperpolarization. 

Comment: Both fast and slow components of the 
action potential may play a role in arrhythmogenesis. 
Present evidence favors a major role for the slow com- 
ponent. 


lll. Role of Cyclic Adenosine Monophosphate 


Relation to the slow response: The initial and 
fundamental observation made by Fleckenstein's 
group*’ was that epinephrine restores the excitability 
and contraction in myocardial fibers depolarized by 
hyperkalemia. The epinephrine-induced action po- 
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FIGURE 4. The relation between reperfusion arrhythmias and tissue 
cyclic adenosine monophosphate (AMP) at the end of a period of 
ischemia in isolated rat hearts; the arrhythmias have been quantified 
by an arbitrary scoring system (see inset). Seven hearts were studied 
in the group given acetate, and the arrhythmia score was corrected 
appropriately (data calculated from Bricknell and Opie*!). With non- 
glucose substrates, tissue cyclic AMP increases, probably because 
only glucose provides glycolytic adenosine triphosphate, which helps 
to protect against ischemia in this model. As tissue cyclic AMP in- 
creases, so does the severity of reperfusion arrhythmias. Acetate is 
used as a fatty acid homolog, which also causes "oxygen wasting" and 
increases the severity of the ischemia. We thank Dr. T. Podzuweit, who 
performed the cyclic AMP measurements. V. — ventricular; VPS — 
ventricular premature systole. 
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- tentials started from a resting membrane potential of 


E. .—30 to —40 mv, had a decreased upstroke velocity 


= (dV/dt) and were propagated very slowly. At a cell level, 


: - the beta action of epinephrine is thought to be mediated 


_ by cyclic AMP, which “opens” the slow channel*®; the 


y effects of beta agonist stimulation in giving a “shoulder” 


5 
v 


to the normal action potential? could accordingly be 


4 -explained.*® These findings stress the importance of 


B 
oul 


. catecholamines and cyclic AMP in the development of 


E _ the arrhythmogenic slow response. 


Cyclic adenosine monophosphate and arrhyth- 
mias: Links between an accumulation of intracell cyclic 
~ AMP and the development of cardiac arrhythmias were 
. first proposed by Ueda and Okumura, who found that 
a variety of anesthetic agents, including chloroform and 
= diethylether, both caused arrhythmias and inhibited 
_ phosphodiesterase, the enzyme responsible for breaking 
= down cyclic AMP. Subsequently, increases of tissue 


| cyclic AMP and the development of cardiac arrhyth- 
— mias have been found in three situations: 
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1. Ventricular fibrillation in the heart in situ. Pod- 
zuweit et al.?? described a delayed rise, about 20 minutes 
after coronary arterial ligation, of tissue cyclic AMP 
preceding the onset of ventricular fibrillation in ba- 
boons. Previous data suggesting a very early rise of tis- 
sue cyclic AMP in ischemia had been obtained in re- 


— sponse to aortic transection but could not be confirmed 
in regional ischemia.?? The cause of the delayed rise of 


. cyclic AMP in the ischemic zone is not known. It cannot 


s be only an effect of increased circulating catecholamine 
. secretion because cyclic AMP does not increase in the 
-. nonischemic zone in the baboon model. However, in the 
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cat model,?? cyclic AMP increases in the nonischemic 
tissue at the time of ventricular fibrillation, although 
not to the same extent as in ischemic tissue. Sobel et 
al.?? also found that a transient increase in cyclic AMP 
accompanies a period of unstable ventricular arrhyth- 
mias in the cat heart after coronary ligation. A parallel 
finding in our laboratories*4 has been that cyclic AMP 
increases in the ischemic zone about 10 to 20 minutes 
after ligation of the left anterior descending coronary 
artery in pigs at a time of ventricular arrhythmias (Fig. 


2. Isolated, underperfused hearts. We found that the 
external substrate influenced the tissue cyclic AMP 
content during ischemia caused by underperfusion of 
the isolated rat heart.°! Lowest cyclic AMP values were 
found in glucose-perfused hearts, and highest values in 
hearts perfused with fuels other than glucose, (pyruvate 
and acetate). The development of arrhythmias during 
reperfusion was also lowest in glucose-perfused hearts 
(Fig. 4). 

3. Ouabain effect on guinea pig hearts. In isolated 
guinea pig hearts perfused with a “toxic” concentration 
of ouabain (1.37 micromoles [umol]/liter), ventricular 
fibrillation occurred regularly 11 to 12 minutes after 
exposure to ouabain (Tanz R, Opie LH, unpublished 
data). Tissue metabolites were measured in another 
series of hearts 10 minutes after the start of perfusion 
with ouabain, when cyclic AMP increased by one third, 
from 0.60 + 0.01 (mean + standard error of the mean) 
to 0.80 + 0.03 nanomoles (nmol)/g (P <0.005).5 The 
resting membrane potential loss, calculated from the 
decrease in tissue potassium, was only 6 mv. These ex- 


FIGURE 5. Scattergram of ventricular fibrillation 
threshold in milliamperes (ma) in isolated perfused 
rat hearts exposed to various perfusate concen- 
trations of dibutyryl cyclic adenosine monophos- 
phate (DBcAMP). As the concentration increased, 
the ventricular fibrillation threshold was lowered. 
The control hearts were perfused with an identical 
550 perfusate without the addition of this agent. Each 
dot represents an individual experiment. For de- 


(umol/t) tails of methods, see Lubbe et al.5657 
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periments suggest links between cyclic AMP, the slow 
response and ouabain-induced arrhythmias, in accor- 
dance with the suppression of ouabain-induced ven- 
tricular arrhythmias by verapamil®? and the reversal of 
this verapamil effect by calcium.9? 

Thus in these situations circumstantial evidence 
linked increased cyclic AMP to the onset of ventricular 
fibrillation or other serious ventricular arrhythmias. 
However, in each situation tissue cyclic AMP was only 
one of several concurrent metabolic changes. 

Cyclic adenosine monophosphate and ventricular 
fibrillation threshold: The increased tissue cyclic 
AMP could be acting merely as a marker of catechol- 
amine activity, with the latter actually causing ar- 
rhythmias by another mechanism such as potassium 
loss?* or increased free fatty acids.55 More direct evi- 
dence for an arrhythmogenic role for cyclic AMP stems 
from the work of Lubbe et al.,9957 who showed that di- 
butyryl cyclic AMP (which crosses the cell membrane) 
profoundly influences and lowers the ventricular fi- 
brillation threshold in isolated rat hearts (Fig. 5). This 
effect of cyclic AMP occurred at an intracell site, was 
independent of the beta adrenergic receptor and was 
enhanced by inhibition of phosphodiesterase by theo- 
phylline (Fig. 6). The lowering of the ventricular fi- 
brillation threshold does not occur as a result of meta- 
bolic deterioration of the isolated hearts, because high 
energy phosphate stores are maintained at control 
levels. Rather, the pattern of rise of tissue cyclic aden- 
osine monophosphate could be linked to the pattern of 
fall of the ventricular fibrillation threshold (Fig. 7). 
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FIGURE 6. Effect of dibutyryl cyclic adenosine monophosphate 
(DBcAMP 200 umol/liter) alone and together with theophylline (1 
mmol/liter) on ventricular fibrillation threshold (ordinate) and vulnerable 
period (abscissa) in the isolated perfused rat heart. The former agent 
lowered the ventricular fibrillation threshold, and the addition of theo- 
phylline further lowered this threshold and also increased the vulnerable 
period. These changes were not related to increased coronary flow or 
heart rate, because similar effects were found in paced hearts. In the 
control period the same perfusate without added agonists was used. 
Small dots indicate single ventricular ectopic impulse responses to an 
electrical stimulus of current strength as indicated. Large dots indicate 
where ventricular fibrillation was elicited. For details of preparation, 
see Lubbe et al.59.57 CF = coronary flow; HR = heart rate. 
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Changes in the ventricular fibrillation threshold — 
cannot be extrapolated directly to the spontaneous — 
development of ventricular fibrillation. The threshold 
returns to normal within 30 minutes of coronary oc- — 
clusion in one model.®® In our perfused heart model, the — 
fall of the fibrillation threshold after coronary ligation _ 
coincides well with the period of increase of cyclic AMP _ 
in the ischemic zone.®? Although there is an impressive _ 
list of factors that decrease the ventricular fibrillation 
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FIGURE 7. The effect of epinephrine on ventricular fibrillation threshold — 
(VFT), tissue cyclic adenosine monophosphate (CAMP), phospho- 
creatine and adenosine triphosphate (ATP) measurements in the isolated 
perfused rat heart. Epinephrine by itself causes a concentration-related 
reduction in ventricular fibrillation threshold and an increase in tissue 
cyclic AMP with inconsistent alterations in phosphocreatine and 
adenosine triphosphate. When theophylline (1.0 mmol/liter) is added 
to the epinephrine the effect on ventricular fibrillation threshold and — - 
tissue cyclic AMP is exaggerated. In the presence of atenolol, a beta- — 
1-receptor blocking agent, higher concentrations of epinephrine are 
required before ventricular fibrillation threshold is lowered; the lowering 
of this threshold coincides with elevation of cyclic AMP and tissue 
phosphocreatine levels; there is no change in tissue adenosine ri Sa 
phosphate. The alterations in tissue cyclic AMP correlate most closely - 
with the changes in ventricular fibrillation threshold. (From Lubbe et — 
al.57 Reproduced with permission of the Editor, Journal of Clinical In- _ 
vestigation.) dE 
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- TABLE II 
. Effect of Agents Elevating Tissue Cyclic Adenosine 


». . Monophosphate on Spontaneous Arrhythmias in the 
- A Isolated Working Rat Heart After Coronary Arterial 


-~ Ligation* 
E Ventricular 
E Ventricular Tachycardia 
b Premature or Fibrillation 
a Systoles (duration as 
hr State (beats/5 min) sec/5 min) 
mex 
Control 20.9 + 3.9 5.1+ 1.4 
i (glucose, 11 mM) (96) (96) 
. . Glucose plus 52.4 + 11.4! 27.7 + 8.8! 
..  theophylline, 1 mM (54) 54 
. . Glucose plus 77.0 + 11.31 42.3 + 10.1! 
dB cAMP, 5 mM (52) (54) 
- . Glucose plus 55.3 + 13.21 62.2 + 17.4! 
adrenaline, 1077 M (32) (36) 


Te 
aer. t 


* Isolated perfused working rat hearts were subject to coronary ar- 
terial ligation'99 and the heart rhythm continuously monitored for 30 
minutes. Spontaneous arrhythmias were frequent at a perfusate con- 
.. centration of potassium and 3.0 millimolar. Ventricular tachycardia and 

_ fibrillation were quantified as the duration in seconds for each 5 minute 
|. period after ligation. 

Figures in parentheses refer to the number of 5 minute periods an- 
alyzed (up to 6 periods/heart); dB cAMP = dibutyryl cyclic adenosine 
monophosphate. 

1 + Probability (P) values versus control: * P «0.02; * P «0.001. 





E. 
f: threshold® and that also promote spontaneous fibril- 
— lation, it was necessary to show a similar correspondence 
in the rat heart model. Table II shows that agents ele- 
A. vating tissue cyclic AMP levels also increase the de- 
velopment of spontaneous ventricular premature 
= complexes and ventricular fibrillation. 
- Hypothesis for role of cyclic AMP in provoking 
ventricular fibrillation: To link these observations, 
Podzuweit et al.9! proposed a hypothesis involving a 
. major role for cyclic AMP in the provocation of ven- 
-tricular fibrillation. This hypothesis has the virtue of 
— Offering a cell metabolic explanation for the links be- 
. tween central arousal, the sympathetic nervous system? 
. and a decreased ventricular fibrillation (or ventricular 
-~ premature complex) threshold as outlined by Lown et 
al.9? Thus “psychologic stress" could be visualized as 
acting as a trigger to ventricular fibrillation by elevation 
of tissue cyclic AMP levels. The cyclic AMP hypothesis 
. also meets the criteria of Sutherland et al.® for a cardiac 
_ effect of catecholamine activity (Table III). If our hy- 
. pothesis were to be substantiated, antiarrhythmic 
properties could be predicted for drugs decreasing cell 
. cyclic AMP (for example, by stimulating phosphodi- 
= esterase activity). Conversely, the hypothesis could also 
. explain the effects of aminophylline in decreasing the 
. ventricular fibrillation threshold in dogs.9^ 
Links between the development of ventricular fi- 
brillation and cyclic AMP do not necessarily imply 
. further links between the inotropic effects of catechol- 
amines and arrhythmias. Thus catecholamines can in 
— some conditions have an inotropic effect without an 
elevation of tissue cyclic AMP.® The observation? that 
catecholamines at low but effective inotropic doses do 
not appear to provoke ventricular fibrillation in the dog 
heart with regional ischemia is in accord with the find- 
-~ ing of that study that potassium uptake was induced in 
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TABLE IIl 


Criteria to Establish Cyclic Adenosine Monophosphate as 
the Second Messenger for Effect of Catecholamines in 
Decreasing Ventricular Fibrillation Threshold 





Criteria of Sutherland 


et al. Experimental Observation 


1. Response in cell-free Criterion not relevant; no arrhythmias in 
system cell-free systems 
2. Catecholamine response With beta receptor stimulation, tissue 
in intact cell cyclic AMP increases as the ven- 
nie fibrillation threshold falls (Fig. 
7 
3. Potentiation by methyl- Methylxanthines and beta receptor 
xanthines stimulation further increase the tissue 
content of cyclic AMP, and the ven- 
tricular fibrillation threshold falls fur- 
ther (Fig. 7) 
4. Production of response  Dibutyryl cyclic AMP decreases ven- 
by cyclic AMP tricular fibrillation threshold (Fig. 5 
and 6) 





the ischemic zone, implying a reduction of the extracell 
potassium concentration; thus, even if the level of cyclic 
AMP were elevated, the slow response could not be 
expected in those experiments. 

Critique of arrhythmogenic role for cyclic AMP: 
The cyclic AMP hypothesis has not overcome the fol- 
lowing reservations, which indicate the need for further 
work. First, Lown et al.59? recently summarized the case 
for regarding vagal stimulation as antiarrhythmic. Vagal 
stimulation is thought to exert its effects on the cell by 
liberation of cyclic guanosine monophosphate from the 
guanyl cyclase system; thus cyclic guanosine mono- 
phosphate may be the second messenger of vagal stim- 
ulation. Cyclic guanosine monophosphate is released 
from guanyl cyclase by acetyl choline stimulation, and 
acetyl choline decreases the inward calcium current.9? 
Electrophysiologically, cyclic guanosine monophosphate 
appears to inhibit the action of cyclic AMP in promoting 
the slow inward current.9? Other actions of cyclic gua- 
nosine monophosphate also in general oppose those of 
cyclic AMP.”° Hence, according to the cyclic AMP hy- 
pothesis, cyclic guanosine monophosphate should be 
strongly antiarrhythmic. However, effects of cyclic 
guanosine monophosphate on the ventricular fibrilla- 
tion threshold have not yet been reported. 

Second, according to the observations made in the 
baboon and the pig, cyclic AMP increases in ischemic 
tissue at a time when the level of creatine phosphate is 
extremely low (Fig. 3) and adenosine triphosphate has 
decreased substantially.?? However, an early effect of 
metabolic inhibition is a decrease in the inward calcium 
current,’! and energy is required for the slow response 
induced by cyclic AMP.?? Hence, cyclic AMP should not 
induce slow responses in tissue severely depleted of 
energy. This argument could be countered by noting 
that the elevation of cyclic AMP in the ischemic zone 
of the baboon heart takes place at a time when adeno- 
sine triphosphate is by no means fully depleted.?? 

A third criticism of the cyclic adenosine mono- 
phosphate hypothesis is that the slow response is elic- 
ited only by cyclic AMP in the presence of an agent 
blocking the rapid, sodium-dependent upstroke of the 
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FIGURE 8. Effect of external lactate on the action 

potential duration and velocity. Transmembrane 

action potentials were recorded from the right 
ventricular papillary muscle of a guinea pig. Upper mV 
tracings, upstroke velocity (dV/dt) of phase 0. 

Lower tracings, transmembrane voltage. a, 

control period for lactate, superfusion with -80 
Krebs-Henseleit buffer containing glucose, 11 
mmol/liter. Action potential duration — 151 msec, 
resting potential — —83 mv and peak positive 
upstroke velocity (+dV/dtmax) = 109 v/sec. b, 
effect of 15 minutes of superfusion with solution 
containing 10 mmol/liter L(--)sodium lactate 
without glucose. Action potential duration = 113 
msec, resting potential = —83 mv and +dV/dtmax 
= 119 v/sec. c, control period before lactate + V/s |] 
glucose superfusion; superfusion as in control 200 
period a. Action potential duration = 152 msec, 

resting potential = —87 mv, and +dV/dtmax = 119 0 
v/sec. d, effect of 15 minutes of superfusion with 

a solution containing 10 mmol/liter lactate and 11 mV 
mmol/liter glucose. Action potential duration — 

156 msec, resting potential = —88 mv, and - 80 
+dV/dtma, = 130 v/sec. The provision of glucose 

(11 mmol/liter) in the perfusate prevented the 

reduction of the action potential duration caused 

by lactate. 


action potential.7? Hence, cyclic AMP should theoret- 
ically not be arrhythmogenic in the normal heart. Yet 
it decreases the ventricular fibrillation threshold in the 
apparently normal perfused heart.595? One explanation 
would be that electrically induced ventricular fibrilla- 
tion provokes the slow response, for example, by inhi- 
bition of the fast channel. Alternatively, cyclic AMP 
could reduce the ventricular fibrillation threshold by 
another mechanism not involving the slow inward 
channel, such as increased phase 4 depolarization of 
Purkinje fibers,”* or the provocation of afterdepolari- 
zations in otherwise nonautomatic cells.?^ 

Fourth, levels of cyclic AMP may not be elevated 
during the first few minutes of ischemia?? when episodes 
of spontaneous ventricular tachycardia or fibrillation 
may occur.?? In some models—for example, high coro- 
nary arterial ligation in the dog—an early but rather 
small increase in tissue cyclic AMP precedes ventricular 
fibrillation.?? In other models there is unlikely to be a 
correspondence between tissue AMP and arrhythmias. 
Thus, Russell and Oliver” produced mild ischemia in 
the dog, and during this period cyclic AMP probably did 
not increase,?? but the threshold of the myocardium to 
the induction of multiple extrasystoles fell and spon- 
taneous ventricular premature complexes developed. 
The investigators could decrease these abnormalities 
by an infusion of glucose but not of mannitol, suggesting 
that factors related to glucose and fatty acid metabolism 
were at fault (see Section IV). 

Comments: The hypothesis is proposed that cyclic 
AMP generated in the ischemic zone provokes slow re- 
sponses in the presence of factors blocking the fast in- 
ward channel. The evidence for the arrhythmogenic role 
of cyclic AMP meets the criteria of Sutherland and co- 
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workers for accepting that a given action of catechol- 
amines—namely, provocation of ventricular fibrilla- 
tion—is mediated by cyclic AMP. Several reservations 
to the cyclic AMP hypothesis indicate the need for 
further work. 


IV. Action Potential Duration and 
Metabolic Factors 


Metabolic changes during acute myocardial in- 
farction: During acute myocardial infarction, there is 
a general metabolic response that induces impaired 
glucose utilization, an increase in blood free fatty acids 
and in secretion of catecholamines’’ and, sometimes, 
an increase in blood lactate.7? We have already proposed 
that the arrhythmogenic effect of catecholamines could 
be mediated at a cell level by cyclic AMP. We now ex- 
amine the case for linking the metabolism of glucose, 
free fatty acids and lactate to changes in the action po- 
tential duration. 

In theory, shortening of the action potential duration 
is an arrhythmogenic factor, and prolonging the action 
potential duration is antiarrhythmogenic. For example, 
the antiarrhythmic activity of the drug amiodarone is 
associated with a prolonged action potential duration.’ 
Conversely, anoxia or ischemia shortens the action po- 
tential duration.59-9? 

Role of glycolysis: Electrophysiologic studies 
strongly suggest that the action potential duration is 
maintained by the generation of adenosine triphosphate 
during glycolysis.5?-5 McDonald et al. proposed that 
adenosine triphosphate generated by glycolysis could 
support normal electrical behavior of the heart with a 


minor contribution from oxidative phosphorylation, 


whereas contractile force was probably primarily 
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|. TABLE IV | 
.. Relation Between Inhibitors of Glycolysis and the Action 


Potential Duration (APD) 
Inhibitor Site of Inhibition Action on APD 
lodoacetate Various Reduction®® 
dehydrogenases®?:9° 
Lactate Glyceraldehyde phos- Reduction?? 
phate dehydrogenase?! 
Pyruvate Glyceraldehyde phos- Reduction? !.88 
phate dehydrogenase?? 
Free fatty Multiple sites includin Reduction during 
acid phosphofructokinase?? ischemia?^4 
Low pH Phosphofructokinase?5 Data not clear’? 
Coronary Phosphofructokinase? ' Reduction, relieved 
occlusion by intravenous 


administration of 
glucose?6 


maintained by oxidative phosphorylation. Their elec- 
trophysiologic studies emphasize the rate of generation 
of adenosine triphosphate by glycolysis rather than the 
absolute adenosine triphosphate content of the tis- 
sue. 

Some electrophysiologic data could be criticized be- 
cause the experimental circumstances chosen were such 
that glycolytic flux was the only possible source of en- 
ergy. For example, the anoxic papillary muscle?6 could 
have no other energy source than glycolytic flux. The 
persuasive data of Cheneval et al.83 may lack general 


. application because of the use of fetal tissue, which is 


more reliant than adult tissue on glycolysis as an energy 
source.?? But the data of Prasad and MacLeod?? and our 
own data (Fig. 8) cannot be dismissed on these counts. 
Hence, it is reasonable to conclude that there is a role 
for adenosine triphosphate generated by glycolysis in 
the maintenance of the action potential duration. 
Inhibitors of glycolysis: Conversely, inhibitors of 
glycolysis shorten the action potential duration (Table 


— IV, and see Ref. 88 to 96). Such inhibitors include: io- 
 doacetate,55-9? lactate?! and pyruvate,9.559? free fatty 


acids??94 and acidosis.’!:9° Voltage clamp experiments 
have shown that the effect of severe external acidosis 
(pH 5.6) is very complex, including inhibition of both 
the inward sodium and calcium currents and a de- 
creased outward repolarizing current.?? Thus external 
acidosis could either prolong the action potential du- 
ration or shorten it, depending on the dominant ef- 


 fect.?! 


Role of free fatty acids: Considerable attention has 
been focused on the possible arrhythmogenic effects of 
the raised blood levels of free fatty acids found in the 
early stages of acute myocardial infarction.?? The data 
in animals continue to be contradictory./^?5 Hence, 
careful evaluation of the electrophysiologic effects of 
fatty acids is required to help solve the controversy. 

In the normoxic heart, there was no specific effect of 


free fatty acids on the ventricular action potential in the 


presence of glucose,?4 and linoleate could maintain the 
action potential of normoxic heart tissue even in the 
absence of glucose.?? On the other hand, in the presence 
of hypoxia or ischemia, there is good evidence that free 
fatty acids decrease the action potential duration when 
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compared with glucose, and that glucose protects 
against the fatty acid effect.94.96,99 

Lactate effects: Lactate not only decreases the ac- 
tion potential duration of sheep Purkinje fibers but 
accelerates phase 4 depolarization and decreases the 
resting potential.?? All these effects appear at a normal 
pH and in the presence of glucose (5 mmol/liter). In our 
laboratories, we have found that lactate, 2.5 to 10 
mmol/liter, decreases the action potential duration and 
force of contraction of the isolated guinea pig papillary 
muscle, and that these lactate effects are reversible by 
the addition of glucose, 11 mmol/liter (Fig. 8). Probably 
the glucose concentration used by Wissner?? was too low 
to provide a sufficient rate of glycolysis?? to protect 
against the lactate effect. The data support the general 
thesis that nonglucose fuels shorten the action potential 
duration and that the mechanism of action might be 
inhibition of glycolytically produced adenosine tri- 
phosphate. However, it must be emphasized that there 
are as yet no data to support the proposition that an 
increase of intracell lactate could be arrhythmogenic. 
Transmembrane gradients of lactate could critically 
affect cell membrane properties. 

Glycolysis and potassium: Could not glucose and 
glycolysis simply exert their effects by indirectly in- 
fluencing potassium movements? Regan et al.!? have 
shown that hyperglycemia decreased potassium loss 
after coronary thrombosis in the dog and simulta- 
neously achieved an antiarrhythmic effect. Decreased 
potassium loss could also explain the effect of glucose 
in decreasing the ventricular premature complex 
threshold after occlusion of the left anterior descending 
coronary artery in dogs.’ This it remains possible that 
glucose, at least in ischemia, may act to alter the action 
potential duration by a decrease in extracell potassium 
and potassium retention in the ischemic tissue. How- 
ever, in the normal papillary muscle, when the action 
potential duration is better maintained in glucose than 
in lactate (Fig. 8), the resting potential does not change; 
hence, a mechanism not involving redistribution of 
potassium is involved. 

Direct evidence for role of metabolic factors in 
arrhythmias: Evidence from action potential data does 
not necessarily prove a direct and causal relation be- 
tween a metabolic factor and arrhythmias. The con- 
tradictory data in animals?795 can to some extent be 
related to the model used. Thus, Most et al.9* used a pig 
model in which ischemia is very severe (compare the 
rate of fall of creatine phosphate in low ligation of the 
left anterior descending coronary artery in the pig [Fig. 
3] with that of a similar ligation in the dog??) and is as- 
sociated with very high lactate values and therefore with 
inhibition of glycolysis?!; hence, fatty acids could not 
be expected to inhibit glycolysis further, and glucose 
given therapeutically would have little effect.96 

Direct evidence for effects of free fatty acid on heart 
rhythm was obtained from the development of ven- 
tricular arrhythmias after gross elevation of plasma free 
fatty acid levels in dogs with coronary occlusion. Those 
results could not be repeated by Opie et al.,!°° but 
Willebrands et al.!?! showed that development of ar- 
rhythmias in the rat heart depended on a high free fatty 


Á 


Miis o d mc Tete Pee Te ae aj die ET. NTI) MESE ee LT 


acid/albumin molar ratio. The mongrel dogs of Kurien 
et al.55 were nutritionally substandard with a low plasma 
albumin level, whereas the greyhound dogs used by Opie 
et al.!9? had high albumin concentrations and a much 
greater uptake of glucose!? than the mongrel dog.!9? 
'Thus it seems that the major basis for the conflicting 
reports was the inadvertent selection by Kurien et al. 
of dogs whose metabolism was slanted toward high rates 
of free fatty acid uptake by the heart, in contrast to the 
selection by Opie et al. of dogs with high rates of glucose 
uptake. More recently Russell and Oliver?6 found that 
an infusion of glucose (but not of mannitol) could cause 
early changes in the action potential duration in mon- 
grel dogs with coronary occlusion to revert to normal 
and also elevate the threshold for induction of multiple 
extrasystoles./? We found that after coronary arterial 
ligation the duration of spontaneous ventricular fi- 
brillation was 7.4 + 2.4 (no. = 48) sec/5 min (mean + 
standard error of the mean) in rat hearts perfused with 
low concentration fatty acid (0.5 millimolar [mM], al- 
bumin 0.25 mM) compared with 1.9 + 0.8 (no. = 36) 
sec/5 min in hearts perfused with glucose (P «0.05). 

Recent therapeutic data in man support the pro- 
posed roles for free fatty acid and glucose. Thus, Rowe 
et al.!94 found that antilipolytic therapy could reduce 
the incidence of ventricular tachycardia in patients 
within 5 hours of the onset of symptoms of acute myo- 
cardial infarction, whereas Rogers et al.!°° found that 
glucose-insulin-potassium could reduce the incidence 
of arrhythmias in a randomized trial that is still on- 
going. However, this topic remains controversial, al- 
though the combination of the electrophysiologic data 
and the animal and patient data we have summarized 
do provide a reasonable case for the arrhythmogenic role 
of abnormalities of glucose and fatty acid metabo- 
lism. 

Comments: The substrate supply of the heart cell 
influences the action potential duration. Glucose is 
better able to maintain the action potential duration 
than nonglucose fuels such as lactate and free fatty 
acids, and the mechanism may be by production of 
glycolytic adenosine triphosphate, which appears to 
play a special role in the maintenance of normal elec- 
trical activity. 


V. Phase 4 Depolarization 


Conducting system in pacemaker cells: Phase 4 
depolarization is normally a property of pacemaker 
cells. Normal Purkinje fibers with a high resting po- 
tential have no phase 4 depolarization, but when their 
resting membrane potential has decreased (to about 
—70 to —65 mv) then spontaneous phase 4 depolariza- 
tion can occur.’ Because the Purkinje fiber system 
rather than the pacemaker cells may be the site of origin 
of ventricular arrhythmias occurring after infarction, !06 
the influence of metabolic factors on the conduction 
system is of special interest. 

Metabolism of conducting tissue: Conducting tis- 
sue is more resistant to the effects of anoxia than the 
normal myocardium, probably as a result of an in- 
creased content of glycogen.®’ The glycolytic rate is 
probably reduced in absolute terms, as judged from a 
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decreased concentration of glycolytic enzymes.!07 - 
Nevertheless, the activity of the mitochondrial enzymes : 
is reduced even more and hence the glycolytic rate is 
increased in relation to the rate of mitochondrial me- - 
tabolism. Thus, glycolytic function, which may have | 
special importance for electrical events, is relatively 
stronger in the conducting tissue. These metabolic 
features could explain why Purkinje fibers survive ex- - 
perimental infarction exceptionally well!96 and then : 
become sites of origin of arrhythmic activity. 
Metabolic provocation of phase 4 depolarization _ 
in conducting tissue: A low external level of potassium 
(2.7 mmol/liter) increases phase 4 depolarization © 
whereas a high normal level (5.4 mmol/liter) decreases ` 
phase 4 depolarization.” If the potassium level is suffi- _ 
ciently high, then catecholamine stimulation, which — 
normally also evokes phase 4 depolarization,!?5 becomes - 3 
ineffective." The effects of catecholamines on pace- - 
maker cells and Purkinje fibers can also be explained — 
at a cell level.!99 When cyclic AMP is introduced by | 
iontophoresis into spontaneously active cardiac Pur- — 
kinje fibers, there is a shortened action potential anda - 
steeper rate of phase 4 depolarization,!!? in keeping with — 
catecholamine effects. E. 
Thus, catecholamine stimulation and a low external . 
(extracell) level of potassium should be a potent ar- - 
rhythmogenic combination. Acute myocardial infarc- — 
tion in man is characterized by acute liberation of cat- _ 
echolamines, which are known to decrease arterial blood — 
potassium.!!! In addition, some patients with acute — 
infarction will have been given diuretic therapy, a fre- _ 
quent cause of hypokalemia. A recent clinical study!!? — : 
showed that patients with hypokalemia at the time of — 
onset of myocardial infarction have a greater incidence _ 
of ventricular arrhythmias including ventricular fi- _ 
brillation. K 
Slow responses in Purkinje fibers: Severe acidosis 
(pH 6.1) elicits the slow response in Purkinje fibers but — 
not in ventricular tissue.!!? Cell acidosis of this magni- 
tude has been reported in baboon infarcts!!4 at the time — 
of ventricular fibrillation. E 
Comments: The conducting tissue (when partially — 
depolarized) responds to a low external level of potas- — 
sium by the development of spontaneous phase 4 de- - 
polarization. Catecholamine stimulation or cyclic AMP — 
exaggerates such spontaneous depolarization. These - 
phenomena could explain the tendency of a low blood — 
level of potassium to provoke serious arrhythmias in the — 
setting of myocardial ischemia. b. 


v 
ix 


VI. Metabolic Effects of Antiarrhythmic Drugs 


Links between metabolic factors, the action potential 
and arrhythmias also receive support from a consider- - j 
ation of the effects of antiarrhythmic agents (Table 
V). P 

Agents acting on the fast channel: Class I agents — 
of Vaughan Williams4??? act by inhibition of the fast 
channel. Class I agents should therefore have a dual ^ 
effect. First, by inhibition of the fast channel, they — 
should inhibit ectopic activity and the development of 
ventricular fibrillation from ectopic activity. Second, 
also by virtue of inhibition of the fast channel, they 
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TABLE V 






_ Proposed Metabolic Actions of Lo seh des Agents 


Vaughan 
Williams 


_ Class of Drugs Drugs Proposed Metabolic Action 
" 1 Lidocaine Inhibition gt fast Sodium 
a channel*® 
3 2 Beta-adrenergic Inhibition of ipeo cyclase 
antagonists and hence of cyclic 
E adenosine monophosphate 
E. formation (Table Ill) 
T 3 Amiodarone Prolongation of the action 
F potential duration 
PRT (mechanism unknown) 
È. E] Verapamil Inhibition of the calcium 
i" channel*!.1?28 and, hence, of 
2 the slow response”: 10.48 
_ Less specific 
E .. antiarrhythmic 
. actions 
a. Metabolic Glucose Prolongation of the action 
T agents potential duration,® 


especially in hypoxias5.95 
Decreased metabolic 
gradients from normal to 
ischemic ^ Beta-blocking infarct tissue 7 decreased 
damage agents size of infarct!??; potassium 
E retention '?; calcium 
antagonism! 1. 131 


b. agens Glucose 
reasing Verapamil 


. should permit the continued activity of the slow channel 


. and hence promote ventricular fibrillation when con- 


A ditions conducive to the formation of the slow response 
_ prevail. These contradictory actions may account for 
the capacity of agents such as quinidine and procain- 


. amide to both prevent and provoke ventricular fibril- 


- lation and for the failure of lidocaine to show antifi- 


- brillatory activity in some studies.!!? However, it may 


_ bea simplification to regard the only action of group I 
. agents as that on the fast channel, because in high 


— concentrations local anesthetic agents also block the 


_ slow response.!!6 


Beta adrenergic antagonists: The antiarrhythmic 


effects of beta adrenergic antagonists such as pro- 
— pranolol in acute myocardial infarction!!? could be ex- 


— plained in part by their inhibition of adenyl cyclase and 


- decreased formation of cyclic AMP,!!8 although the 
- overall effects are undoubtedly very complex.!!? In 
. addition, propranolol possesses a quinidine-like effect 
on the action potential (membrane-stabilizing activity). 
— Further nonspecific actions of propranolol include 
- prolongation of the action potential duration,!!7.119 
- calcium antagonism,!?? an effect on potassium move- 
. ments,!?!-122 maintenance of blood potassium during 


- catecholamine stimulation,!!! decreased disparity in the 
. action potential duration between ischemic and non- 
_ ischemic zones!!? and effects in improving the metab- 


— 
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olism of ischemia.!?? Beta adrenergic antagonists may 
also be expected to inhibit catecholamine-induced 
phase 4 depolarization in Purkinje fibers and the effect 
of endogenous catecholamines on pacemaker cells.109 

Amiodarone: Improved maintenance of the action 
potential duration results from the antiarrhythmic 
agent amiodarone.7?.1?4 
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Verapamil: Agents such as verapamil (Isoptin®) 
should be active against ventricular arrhythmias ac- 
cording to the proposed role of calcium-dependent slow 
channels in provoking ventricular arrhythmias. In one 
study!?? pretreatment with a large dose (0.8 mg/kg) of 
verapamil inhibited ventricular fibrillation in dogs. In 
another,!?6 verapamil inhibited abnormally slow con- 
duction in the ischemic zone of dog infarcts and reduced 
the incidence of ventricular arrhythmias. Nevertheless, 
verapamil is clinically established in the treatment of 
supraventricular but not of ventricular arrhythmias. A 
possible explanation for this paradox is that cells of the 
conducting tissues are especially sensitive to calcium 
antagonists so that in patients conduction block may 
result before an effect against ventricular arrhythmias 
is found.” 

These modes of action of antiarrhythmic agents form 
the basis of a metabolically based classification that 
should not be viewed as a replacement for the four 
categories of Vaughan Williams.**5? Rather we amplify 
the pharmacologic classification by providing a bio- 
chemical, cell explanation for the activity of each anti- 
arrhythmic agent (Table V and Ref 127 to 131). 

Comments: The mechanism of action of the four 
classes of antiarrhythmic compounds described by 
Vaughan Williams^ can be explained in terms of their 
proposed metabolic effects. In particular, the actions 
of the calcium antagonist compound verapamil and of 
the beta adrenergic blocking agents are viewed as acting 
against cyclic adenosine monophosphate-induced, 
calcium-dependent slow responses. 


Vil. Arrhythmogenesis in Developing Myocardial 
Infarction 


Can these metabolic concepts be integrated into the 
current electrophysiologic theories of arrhythmogenesis 
in developing myocardial infarction? Three processes 
are currently held to be basic to the genesis of such 
cardiac arrhythmias: (1) increased automaticity?; (2) 
slowing of conduction in specific areas of the heart with 
resultant reentry and reexcitation?32.133. and (3) 
shortening of the refractory period and an increased 
dispersion of refractoriness between the ischemic and 
nonischemic zones.??.1?4 

Role of border zone: The role of the border zone is 
emphasized by recent observations that an increased 
dispersion of refractoriness to conduction between the 
ischemic and the nonischemic zones sets the stage for 
reentrant arrhythmias.!™ Unidirectional abnormalities 
of conduction between ischemic and nonischemic zones 
have been recorded!“4 as have areas of localized fibril- 
lation that can, it is thought, spread from the ischemic 
to the nonischemic zone.!?9 

Recent data!?7 support the concept of a sharp and 
relatively narrow border zone with sudden metabolic 
gradients across the border. However, the pattern of 
distribution of cyclic AMP across the border has not 
been reported. The electrophysiologic nature of the 
border must also be defined. That there might be abrupt 
changes is suggested by the sudden change from epi- 
cardial S-T elevation to depression in the baboon 
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TABLE VI 


Time Scale of Arrhythmogenic Factors After Experimental Coronary Occlusion or After Onset of Symptoms of Myocardial 
Infarction 


Arrhythmogenic Factor Time Scale Arrhythmogenic Mechanism 
A. Local Metabolic Changes After Experimental Coronary Occlusion 


Inhibition of fast channel'*; unmasking of 


— 


. Increased (K*)o Rapid (within 1 min — hours)?? 


n * * " 
Bilan cre. ctum. 1*9 Lian 


. Increased tissue and coronary 
venous lactate 

. Increased tissue pCO» 

. Increased tissue cyclic 
adenosine monophosphate 

. Severe tissue acidosis 


falling by 2 hours'°° 


Cc C rnm 


Hours' 


Rapid; rises within 2 min; peak at 20 min, 


Rapid; peak at 30 min and falling by 2 hours"! 
Delayed onset after 10 min??, lasts for 60 
min! !?; gone by 90 min?^ 


slow response” ^: 

Shortening of action potential duration; 
accelerated phase 4 depolarization? 

Complex’! 

Slow response elicited in potassium- 
blocked fibers*!.5* 

Slow response elicited in Purkinje tissue! '? 


B. General Metabolic Changes After Onset of Symptoms in Patients 


1. Increased circulating 30 min-40 hours '!*^4 


catecholamines 


2. Increased circulating cyclic 30 min-3 hours '?^ 
adenosine monophosphate 

3. Increased circulating free fatty 
acids 


4. Hypokalemia 


1-12 hours 55.158 


Not known but catecholamine infusion 


Increased circulating cyclic adenosine 
monophosphate, '* free fatty acids '*? and 
lactate!59 and increased local tissue cyclic 
adenosine monophosphate?? and (K*)o'°” 

May act by decreasing ventricular fibrillation 
threshold92.56.57 

Shortening of action potential duration in 
ischemic tissue 

Increased phase 4 depolarization 


decreases plasma potassium within 


10-30 min''! 


5. Increased blood lactate Not known 


model.?! The more abrupt the border, the greater is the 
tendency to ventricular fibrillation in the baboon 
model.!29 In the dog model, but not in the baboon, 
subendocardial damage is considerably greater than 
subepicardial damage,!?? which further emphasizes the 
potential complexity of the border zone. 

An early and interesting description of the role of the 
border is given by Schmitt and Erlanger"?? (see 
Cranefield,’ p 157): “We may postulate an islet of tissue 
depressed by anoxia or disease. One side of the island 
can be freely entered by rhythmic impulses; on the other 
side, there is unidirectional block ... an impulse ... 
reaches the island and sweeps around it to find an en- 
trance only on one side. The impulse then creeps slowly 
through the island and reaches the border where there 
is unidirectional block. If this border is reached when 
the muscle is ready to respond . . . it emerges to produce 
a premature beat." 

Beck!4° suggested that the trigger area for develop- 
ment of ectopic activity was situated at the junction of 
the ischemic and well oxygenated myocardium, pointing 
out that both a uniformly well oxygenated and a uni- 
formly cyanosed heart are stable. Harris!*.!? and 
Brofman et al.!4? also thought that the border zone is 
the site of origin of ventricular ectopic impulses. Downar 
et al.?! made the interesting suggestion that coronary 
venous blood draining from the ischemic zone could 
induce electrophysiologic changes in the adjacent 
nonischemic cells by virtue of an increased concentra- 
tion of potassium and other unidentified factors. The 
abnormalities induced in isolated muscle strips by 
ischemic blood were very similar to those found on di- 
rect recording from the intact heart.?! 

Purkinje fibers as site of origin of arrhythmias: 
Purkinje fibers of the infarcted zone may be another 
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Shortening of action potential duration ' 


source of arrhythmias, as found in dogs 1 day after 
coronary occlusion.!96 Impulses originating in surviving 
Purkinje fibers had a reduced diastolic potential and a 
decreased action potential amplitude as well as a de- 
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creased upstroke velocity!4^^!4? and hence resembled - 1 


the slow response. The action potential duration was 
“extraordinarily prolonged." Thus, Purkinje fibers can 
be the site of origin both of slowly conducted normal 
impulses and also of ectopic foci. 

Heterogeneity of developing infarction: Present 
evidence is that the nature of developing myocardial 
infarction is extremely complex. Apart from the dif- 
ferential rate of involvement of epicardium and endo- 
cardium in some models, and the superior survival of 
Purkinje fibers, the persistence of a variable collateral 
circulation introduces further metabolic and histologic 
inhomogeneity. The growth of coronary arterial thrombi 
for at least 72 hours after their initial formation in the 
dog model!46 may well mean that metabolic events de- 
fined in models with coronary ligation represent an 
oversimplification. In human beings, further complexity 
is introduced by the frequent existence of diffuse cor- 
onary artery disease, preexisting myocardial damage, 
and the possible occurrence of transient coronary 
spasm.!47 Until animal models are available that can 
simulate more closely the events in patients, extrapo- 
lation of experimental findings to the clinical situation 
must be guarded and the data regarded as provision- 
al. 

Time scale of metabolic factors (Table VI): 
Within the limits of these reservations, the present 
electrophysiologic data can, therefore, indicate complex 
mechanisms for the production of postocclusion ar- 
rhythmias, with a variety of features including those 
compatible with slow responses and shortening of the 
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| E action potential duration. We have argued that meta- 
— bolic factors play an important and possibly dominant 


role in the generation of the slow response and in the 
regulation of the action potential duration. 
But the incidence of sudden arrhythmic deaths is 


— thought to be greatest in the first few hours after the 


i onset of myocardial infarction.!4? Can metabolic 
— changes explain this phenomenon? 


An important local metabolic event (Table VI) oc- 


curs within seconds and minutes of coronary occlusion, 
— namely, the increase in extracell potassium.?? The in- 


crease continues for at least 120 minutes?? and can be 
found even later.!! The increase in tissue cyclic AMP 
occurs about 10 to 30 minutes after coronary occlusion 
in the baboon, cat and pig models.??-?* These two fac- 


= tors can, therefore, probably act to promote the slow 


responses within the first half hour of coronary occlu- 


— Sion, in accordance with early changes noted in the in- 


= tracardiac electrogram.?? Another early change is the 
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. increase in tissue lactate, occurring within seconds of 


occlusion!4? and in extracell lactate, detected at the 


. same time as the increase of venous potassium.19? There 
- jsan associated production of protons and the tissue and 
A. venous partial pressure of carbon dioxide increases!?!; 
.. hence the acidosis is both “metabolic” and “respiratory” 
— jin origin.!°2 Marked acidosis (pH 6.1) elicits the slow 


response in Purkinje fibers.!!? However, the rate of 
lactate production falls quite markedly after the first 
45 minutes,!?? probably as a result of inhibition of gly- 
colytic flux and feedback from the intracell accumula- 


. tion of lactate ions and protons.?! At that time, or earlier 
_ in more severely ischemic tissue, the production rate of 
— glycolytic adenosine triphosphate also decreases. A 


shortened action potential duration has been found 
within minutes of coronary occlusion in the dog®® and 


= Could be explained by lactate formation or decreased 


formation of glycolytic adenosine triphosphate, or both. 
The coincidence of early metabolic changes in potassi- 
um, cyclic AMP, lactate and pH, therefore, provides an 
explanation for the maximal ventricular irritability 
occurring within the Ist hour of coronary occlu- 
sion, 141.153 


A series of general metabolic changes develops at the 


. same time over the next few hours, including increased 
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blood free fatty acid concentrations, increased circu- 
lating catecholamines and an increased circulating cy- 
clic AMP. Of special interest are the increases in cir- 


= culating catecholamines, found within 30 minutes of the 
A onset of symptoms of myocardial infarction!?*^ and 


continuing until about 40 hours. Catecholamines are 
known to increase circulating blood free fatty acids!^? 
and lactate!?6 and to decrease the potassium value.!!! 
Catecholamine infusions may also exaggerate local and 
general metabolic changes,!°’:!°8 increase tissue cyclic 
AMP? and augment potassium loss in the ischemic 
zone, particularly once a tachyarrhythmia occurs.!?? All 
these changes are potentially arrhvthmogenic. However, 
it must be stressed that a tight correlation has not been 
made between these metabolic changes and the devel- 
opment of electrophysiologic changes during the de- 
velopment of myocardial infarction. Some support for 
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the sequence here proposed comes from the data of Wit 
and Bigger,!9? who suggest that early arrhythmias are 
probably the result of reentry associated with slow 
conduction, whereas later arrhythmias may arise from 
spontaneous diastolic depolarization of Purkinje fi- 
bers. 

From the metabolic point of view, the period when 
local and systemic changes overlap is in the first 60 
minutes when venous potassium changes are maximal, 
tissue cyclic adenosine monophosphate is elevated, 
tissue partial pressure of carbon dioxide is high and el- 
evations are already evident in circulating catechol- 
amines, cyclic AMP and free fatty acids. The coinci- 
dence of general and local metabolic changes could ex- 
plain a maximal incidence of ventricular fibrillation 
soon after the onset of experimental coronary occlusion 
or within 60 minutes of symptoms of acute myocardial 
infarction. 

It seems likely that there is no unique causal event to 
link metabolic changes and ischemic arrhythmias but 
rather that a variety of factors, each arrhythmogenic in 
certain specified experimental conditions, could be in- 
teracting in the very complex situation in patients with 
acute myocardial infarction. 

Comments: The onset of acute myocardial infarction 
provides the setting for increased automaticity, espe- 
cially in Purkinje fibers, and for the development of slow 
responses. The infarct border is important in generating 
metabolic and electrophysiologic differences between 
normal and ischemic tissue. There is a putative role for 
potassium ion (loss of resting potential and decreased 
velocity of the fast response), for increased lactate and 
free fatty acids (shortening of the action potential du- 
ration) and increased tissue cyclic adenosine mono- 
phosphate (provoking the slow response) in the genesis 
of postocclusion arrhythmias. Of the above, the elec- 
trical effects of ischemia-induced potassium movements 
from within to without the heart cell are fundamental 
in causing the loss of membrane potential and eventu- 
ally inhibition of the fast response. In this setting cat- 
echolamines can contribute to formation of the slow 
response, acting by way of cyclic adenosine mono- 
phosphate. Replacement of glucose by nonglucose fuels 
could play an additional role by shortening the action 
potential duration. It is proposed that these metabolic 
events play a role in arrhythmogenesis, and hence in the 
development of ventricular fibrillation. 
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This is the Quinton Model 18-54 Cardio Exercise 
'readmill. It's the world's most popular model and you'll 
nd it serving around the world, adding a touch of quality 
9 all kinds of stress test systems. 


Here are a few reasons for its popularity. Value — its 
nileage-tested mechanical components and endless 
iylon belt assure a long trouble-free life. Versatility — 
ipacious 18-by-54 inch non-skid walking surface, plus 
'asy-access low profile,make it ideal for a wide range of 
ipplications including physician's offices, clinics, hos- 
jitals, institutions and industries. Convenience — stan- 
lard remote control panel provides easy, metered 
egulation of belt speeds from 1 to 10 m.p.h. and grades 


from 0 to 25 with push-button ease. 


The 18-54 is one of many models and sizes of Quinton 
treadmills, ranging from a unit used in small animal 
laboratory research to a 24-by-72 inch clinical research 
model. They are all designed to interface with a range of 
quality Quinton electronic exercise test components to 
provide the most complete family of stress test systems 
available. 

If you're looking at stress test systems, be sure you 
look at the total picture .Quintoncan help you develop a 
complete system, integrating equipment and elec- 
tronics precisely to your needs. We'll show you why you 
can't beat the system! 


Quinton's always 
in the picture 


QUINTON 





INSTRUMENT COMPANY 


2121 Terry Ave./Dept. T-1-B/Seattle, WA 98121/(206) 223-7373/Toll Free 1-800-426-0538/Telex 32-8840 
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TECHNOLOGY 
TO SIMPLIFY 


PROGRA MMIN 


SYSTEM THAT'S 
DIFFERENT BECAUSE 
IT’S EASY TO USE 


Instead of complicating your 
pacing decisions, 
MICROLITH-P’s sophisticated 
technology has simplified 
programming and follow-up. 


EASY TO USE BECAUSE 
IT'S SO VERSATILE 


Program any rate from 30 to 
119 ppm. 

Program any pulse width from 
0.1 to 1.9 ms. (.05 ms also 
available). 


MICROLITH-P provides 
unparalleled opportunity to 
respond to changing needs, yet 
because of its digital design, is 
simple to program. 





ASY IO USE BECAL 
ITS SO ACCURATE 


CPI's custom CMOS circuitry 
and quartz crystal timing provide 
a rate so stable that your patient 
paces exactly as programmed — 
not even 1 beat off — for the life 
of the pacemaker. And all other 
pacing parameters are equally 
precise. 


MICROLITH-P's solid-state 
digital accuracy simplifies 
programming and follow-up for 
you by eliminating guesswork 
regarding pacing rate, proper 
energy safety margins and 
elective replacement status. 


SSY 1O USE BECAU 
IT'S SO RELIABLE 


MICROLITH-P technology 
enhances reliability in ways that 
are important to you — phantom 
programming protection, 
immediate program verification, 
runaway protection, and other 
state-of-the-art features which 
keep MICROLITH-P the leader in 
programmable pacing. 
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DESIGN FOR SIMPLICITY 
OF PACING 


For further details on how 
MICROLITH-P simplifies pacing 
to provide optimum patient care, 
contact your CPI representative 
or call Toll-Free (800) 328-9588. 
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Cardiac Pacemakers, Inc 

4100 North Hamline Avenue 

PO. Box 43079 

St. Paul, Minnesota 55164, U.S.A 
Telephone: (612) 631-3000 
Cable: Cardiapace, St Paul 
Telex: 29-7049 


©1978 Cardiac Pacemakers, Inc 
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A PIONEER IN CARDIOLOGY 


WILLIAM WITHERING (1741-1799) 


Discoverer of Digitalis for Angina Pectoris 
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successful physician, 
William Withering combined 


his lifelong interest in 


botany with his observations 
in his practice of medicine Of Special Interest 


to identify "foxglove" as to Cardiologists gq 
the key ingredient in a home | 
remedy concocted by a woman 


gu & 4 
in his village. The paper i 
he published relating his 7 
clinical experiences remains =. ; 
Each capsule contains 50 mg. of Dyrenium® 


a model of scien u fic reporting (brand of triamterene) and 25 mg. of hydrochlorothiazide. 
on pharmacological effects. 
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In Cardiac Edema — Limits Potassium Loss 


During diuretic therápy for edema associated with con- 
gestive heart failure, conservation of vital potassium stores — 
so important in the patient receiving concomitant digitalis— 
is a basic action of the ‘Dyrenium’ component in 'Dyazide'. 

Less critical, but important in fostering patient compliance 
with maintenance therapy, patients treated with 'Dyazide' 
seldom develop hypokalemia, often a factor in patients' 
decisions to abandon maintenance therapy because of muscle 
cramps, fatigue, and malaise. 


r] 2. 1 ] 


EY e 


Yy tale 7 (pia. heed 
rae nad 1 Ca E MR M 


at! adi. 


Avoids Development of Tolerance 

As the hydrochlorothiazide in ‘Dyazide’ exerts its diuretic 
effect, ‘Dyrenium’ not only enhances fluid output, it blocks 
distal reabsorptive mechanisms stimulated by compensatory 
elevation of aldosterone. Even during extended maintenance 
therapy, drug tolerance is avoided. 


Serum K+ and BUN should be checked periodically. 
(See warnings.) 

‘Dyazide’ can cause hyperkalemia, though it is rare in 
patients with normal renal function. Serum Kt and BUN 
should be checked periodically, particularly in elderly, dia- 
betics, and those with suspected or confirmed renal insuffi- 
ciency. Potassium supplements should not be used unless 
hypokalemia develops or dietary K+ intake is markedly 
impaired. Not for initial therapy (see box warning). 


See next page for brief summary of prescribing information. 


SKSSF CO. 
Carolina, P.R. 





























WILLIAM WITHERING (1741-1799) 
Discoverer of Digitalis for Angina Pectoris 


Before prescribing, see complete 
prescribing information in SK&F Co. 
literature or PDR. A brief summary 
follows: 


WARNING 

This drug is not indicated for 
initial therapy of edema or hyper- 
tension. Edema or hypertension 
requires therapy titrated to the 
individual. If this combination 
represents the dosage so deter- 


mined, its use may be more con- 
venient in patient management. 
Treatment of hypertension and 
edema is not static, but must be 
reevaluated as conditions in each 
patient warrant. 


Contraindications: Further use in 
anuria, progressive renal or hepatic 
dysfunction, hyperkalemia. Pre- 
existing elevated serum potassium. 
Hypersensitivity to either component 
or other sulfonamide-derived drugs. 


Warnings: Do not use potassium 
supplements, dietary or otherwise, 
unless hypokalemia develops or 
dietary intake of potassium is mark- 
edly impaired. If supplementary 
potassium is needed, potassium tablets 
should not be used. Hyperkalemia 
can occur, and has been associated 
with cardiac irregularities. It is more 
likely in the severely ill, with urine 
volume less than one liter/day, the 
elderly and diabetics with suspected 
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YAZIDE 


Each capsule contains 50 mg. of Dyrenium® 


(brand of triamterene) and 25 mg. of hydrochlorothiazide. 
Potassium-Sparing Diuretic* 


or confirmed renal insufficiency. 
Periodically, serum K+ levels should 
be determined. If hyperkalemia 
develops, substitute a thiazide alone, 
restrict K+ intake. Associated widened 
QRS complex or arrhythmia requires 
prompt additional therapy. Thiazides 
cross the placental barrier and appear 
in cord blood. Use in pregnancy 
requires weighing anticipated benefits 
against possible hazards, including 
fetal or neonatal jaundice, thrombo- 
cytopenia, other adverse reactions 
seen in adults. Thiazides appear and 
triamterene may appear in breast 
milk. If their use is essential, the 
patient should stop nursing. Adequate 
information on use in children is 

not available. 


Precautions: Do periodic serum 
electrolyte determinations (particu- 
larly important in patients vomiting 
excessively or receiving parenteral 
fluids). Periodic BUN and serum 
creatinine determinations should be 
made, especially in the elderly, 
diabetics or those with suspected or 
confirmed renal insufficiency. Watch 
for signs of impending coma in severe 
liver disease. If spironolactone is used 
concomitantly, determine serum K+ 
frequently; both can cause K+ reten- 
tion and elevated serum K* . Two 
deaths have been reported with such 
concomitant therapy (in one, recom- 
mended dosage was exceeded, in the 
other serum electrolytes were not 
properly monitored). Observe 


regularly for possible blood dyscra 
liver damage, other idiosyncratic 
reactions. Blood dyscrasias have t 
reported in patients receiving tria 
terene, and leukopenia, thrombo- 
cytopenia, agranulocytosis, and 
aplastic anemia have been report 
with thiazides. Triamterene is a v 
folic acid antagonist. Do periodic 
blood studies in cirrhotics with 
splenomegaly. Antihypertensive « 
may be enhanced in post-sympatl 
tomy patients. Use cautiously in 
surgical patients. The following r 
occur: transient elevated BUN or 
creatinine or both, hyperglycemi: 
glycosuria (diabetic insulin requi 
ments may be altered), hyperuric 
and gout, digitalis intoxication (i 
hypokalemia), decreasing alkali 
reserve with possible metabolic 
acidosis. 'Dyazide' interferes 
with fluorescent measurement of 
quinidine. 

Adverse Reactions: Muscle cram] 
weakness, dizziness, headache, d 
mouth; anaphylaxis, rash, urtica 
photosensitivity, purpura, other 
dermatological conditions; nause 
and vomiting, diarrhea, constipa 
other gastrointestinal disturbance 
Necrotizing vasculitis, paresthesi 
icterus, pancreatitis, xanthopsia : 
rarely, allergic pneumonitis have 
occurred with thiazides alone. 


Supplied: Bottles of 100 and 1000 
capsules; Single Unit Packages of 
(intended for institutional use on 
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Optimum gray scale in echocardiography 
producing high quality images 


Synchronous display of A-mode, M-mode, TGC and ECG 
on one high resolution viewing monitor 


Phono/Pulse and ECG standard in basic unit 


Most compact system offered with integral strip chart recorder 


Designed for convenience and ease of operation 
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ISORDIL SUBLINGUAL AND CHEWABLE 
(isosorbide dinitrate) 


Highly stable tablets for aborting or preventing attacks of angina pectoris” 


AEC Ea | | | Adverse Reactions: Cutaneous vasodilation with flushing. Headache is com- 
Indications: Based on a review of this drug by the National Academy of mon and may be severe and persistent. Transient episodes of dizziness and 
Sciences — National Research Council and/or other information, FDA has weakness as well as other signs of cerebral ischemia associated with 
classified the indications as follows: ' postural hypotension may occasionally develop. This drug can act as a 
Probably” effective: When taken by the sublingual or chewable route, physiological antagonist to norepinephrine, acetylcholine, histamine, and 
Isordil Sublingual and Chewable Tablets are indicated for the treatment of many other agents. An occasional individual exhibits marked sensitivity to 
acute anginal attacks and for prophylaxis in situations likely to provoke the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 
such attacks. — | ! weakness, restlessness, pallor, perspiration and collapse) can occur even 
Final classification of the less-than-effective indications requires further with the usual therapeutic dose. Alcohol may enhance this effect. Drug rash 
investigation. and/or exfoliative dermatitis may occasionally occur. 


Consult direction circular before prescribing. 
May we send you reprints, detailed information and/or professional samples? . 





Contraindication: ldiosyncrasv to this drug. 

Warnings: es supporting M use s nitrites during the early days of the 
acute phase of myocardial infarction (the period during which clinical and 
laboratory findings are unstable) are insufficient to establish safety. IVES LABORATORIES INC. b 
Precautions: Tolerance to this drug and cross-tolerance to other nitrites and New York, New York 10017 

nitrates may occur. DEDICATED TO IMPROVING THE QUALITY OF LIFE THROUGH MEDICINE ® 
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SEE FOLLOWING PAGE FOR MORE DETAILS ON THE 
MIREL PACEMAKER FROM MEDTRONIC. 


*This demonstration unit does not contain battery or electronics, but 
approximates the Mirel pacemakers physical characteristics—such as 
connector, size, shape and weight. Packaged in a handsome jewelry 
case, it is ideal for showing to patients, demonstrating at seminars, etc. 
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MIREL PACEMAKER 
FROM MEDTRONIC: 


Our new lithium-powered Mirel pacemaker is so compact—yet it contains all the performance features 
youve come to expect from Medtronic lithium pacemakers, including Constant Rate, Constant 
Energy, superior electromagnetic interference protection and more. And although the Mirel pace- 
maker is a step down in size, it's a step up in quality. This unique combination of smaller size plus a 
design that provides improved reliability and quality is possible due to Medtronic's exclusive advances 
in microcircuitry. 





Simplified Assembly for High Reliability. connected to the hybrid substrate. Tests include 
The Mirel pacemaker has only 21 separate centrifuge, temperature and burn-in cycles, her- 
components as compared to 40 in its lithium meticity, shock and, of course, visual microscopic 
predecessor. Benefit: less chance of component inspection. 
failure, fewer connections subject to failure. Pacing for Life™ Warranty 
Mirei pacemaker components are fused by re- Another advantage, all Mirel-VL (ventricular- 
sistance welding rather than soldering. Benefit: long-lived) pacemakers are covered by the 
reduced possibility of contamination. Medtronic Pacing for Life™ warranty. If, during 
The Mirel pacemaker uses hermetically sealed the life of your patient, the Mirel-VL pacemaker 
mini-paks inside hermetically sealed hybrids. fails for any reason, Medtronic will provide a 
Benefit: circuitry is enclosed in a redundant pro- replacement procuct at no charge and give the 
tected environment—an additional safety fea- same warranty on the replacement product. 
ture for your patients. And, these "mini-paks" There's much more to the Mirel story. Ask your 
are easily and repeatedly tested before they are Medtronic representative for details. 


MEDTRONIC* IMPLANTABLE PULSE GENERATORS 
Intended Uses—Ventricular pacing using an implantable ventricular pulse generator is for long-term therapeutic control of heart rate in patients with 
impulse formation or conduction disorders leading to bradyarrhythmias, tachyarrhythmias and heart block (see product labeling for detailed list of 
intended uses). 
Contraindications — There are no known contraindications to the use of pacing as a therapeutic modality for the contro! of heart rate. The patient's age 
and medical condition, however, may dictate the particular pacing systems and implantation procedure used by the physician. 
Warnings — Diathermy should not be used on patients with pacemakers because of possible heat damage to electronic components. Electrosurgical 
units should never be used in the vicinity of unipolar pulse generators or bipolar pulse generators implanted in the unipolar mode because of danger 
of introducing fibrillatory currents into the heart via the implanted pulse generator/lead. Pulse generators may be damaged by defibrillatory discharges 
if the paddles are placed over the implanted pulse generator. 
Precautions—The physician should be aware that all pulse generators. will ultimately cease to function and may fail at any time due to random 
component or battery failures which cannot be predicted prior to failure. Also, that the pacing system may cease to function at any time due to lead- 
related problems such as displacement, fracture, fibrotic tissue formation, and elevated thresholds, and that proper operation may be affected by 
electrical interference from equipment using electrical energy, or medical complications. 
Side Effects— Body rejectior phenomena, including local tissue reaction, muscle and nerve stimulation, infection, erosion of pulse generator/lead 
through skin, transvenous leed-related thrombosis, embolism and cardiac tamponade. 





SHOWN ACTUAL SIZE 
(Typical Physical Specifications) 
Weight—60 grams * Diameter —53 mm 
Thickness (center) —15 mm * Thickness (edge) —11 mm 
Available in unipolar and bipolar configuration. 


Mirel "-VL has 2.2 amp hour lithium-iodine power source. 
Mirel "-VM has 1.8 amp hour lithium-iodine power source. 
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Left Superior Vena Cava to Left Atrial Communication 
Diagnosed With Radionuclide Angiocardiography and With 
Differential Right to Left Shunting 
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Anomalous left superior vena cava to left atrial communication, although 
rare, should be considered in the presence of a right to left shunt without 
right ventricular hypertrophy, especially when the cause of the shunt 
cannot be identified at cardiac catheterization. We present a case with 
a diagnosis based on two radionuclide techniques. Nuclear angiography, 
performed after the injection of technetium-99m pertechnetate into the 
left arm, demonstrated the anomaly. Total body scans performed after 
intravenous injections of labeled albumin microspheres indicated 65 
percent right to left shunting of left arm venous return but only 9 percent 
shunting of right arm venous return, findings that are diagnostic of left 
superior vena cava to left atrial communication. 


Anomalous systemic venous drainage into the left atrium is an uncom- _ 
mon form of congenital heart disease.!-? Patients with this anomaly may 
present with persistent arterial desaturation, and cardiac catheterization 





may demonstrate right to left shunting but may fail to identify the source — 
of the shunt.?4 We recently studied such a patient in whom left superior 


vena cava to left atrial communication was diagnosed on the basis of 


radionuclide angiocardiography and total body scanning performed after 
the intravenous injection of microspheres. 


Case Study 


A 50 year old man was admitted for evaluation of dyspnea and chest pain. 
Twenty-two years earlier he had undergone a right upper lobectomy for tuber- 


culosis, and since then he had had mild dyspnea on exertion. During the 5 months ' 


before the present admission, the dyspnea had increased and several episodes 
of nonexertional chest pain had occurred. 

On admission, the patient did not appear cyanotic. He had a respiratory rate 
of 22 breaths/min and a pulse rate of 80 beats/min. The lungs were clear to 


auscultation, but there were diminished breath sounds in the right upper pul- 


monary lobe. Jugular venous and carotid pulsations were normal. The first and 
second heart sounds were normal. There was a grade 2/6 diastolic blowing 


murmur at the left sternal border. There was no evidence of clubbing. Hematocrit _ 
was 51 percent and hemoglobin was 18 g/100 ml. Chest roentgenography revealed — 


a normal cardiac silhouette and evidence of the right upper lobectomy. Elec- _ 


trocardiography demonstrated normal sinus rhythm, a QRS axis of —30°, a P 
wave axis of 0° and a biphasic P wave in lead Vj. 


Right and left heart catheterization, left ventriculography (right anterior — 
oblique), supravalvular aortography and coronary arteriography (right femoral 
approach) demonstrated normal right and left heart pressures, moderate aortic | 


regurgitation and normal coronary arteries but absence of the coronary sinus. - D 


Arterial blood gases were measured, indicating the following values: partial d 


pressure of oxygen 51 mm Hg, oxygen saturation 86 percent, partial pressure 


of carbon dioxide 33 mm Hg and pH 7.45 at rest, with no appreciable change after — k 
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FIGURE 1. Anterior body scans obtained after the intravenous injection 
of technetium-99m-labeled albumin microspheres. After the injection 
into the left arm, a sizable fraction of activity was localized in the sys- 
temic circulation, indicating marked right to left shunting. After the in- 
jection into the right arm, performed several days later, the major activity 
lodged in the pulmonary circulation, implying minimal shunting of right 
arm venous return. 


NUCLEAR ANGIOCARDIOGRAM 


LAO projection 


LEFT ARM 
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RIGHT ARM 
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seconds after injection 
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7 minutes of exercise. With the patient breathing 100 percen 
oxygen, arterial partial pressure of oxygen was only 132 mn 
Hg, but alveolar partial pressure of oxygen was 636 mm Hg 
The marked alveolar-arterial gradient in oxygen tension raisec 
the possibility of an anatomic right to left shunt. Radionuclide 
shunt estimation was then perfcrmed. 

Radionuclide shunt estimation: Each dose of albumir 
microspheres (3M Corporation) consisted of 100,000 particles 
20 to 30 u in diameter, labeled with 4 mCi of technetium-99m 
Within 5 minutes after the intravenous injection of micro 
spheres, total body scanning was performed anteriorly anc 
posteriorly using a large field of view gamma camera with ¢ 
lateral diverging low energy scanning collimator. The camer: 
was interfaced to a Hewlett-Packard 5407A Scintigraphic 
Data Analyzer, which recorded the scintigraphic data foi 
subsequent estimation of activity in the lungs and the whole 
body. Shunting was estimated according to the following 
formula: 


Percent right to left shunt 


. total body counts — total lung counts 
total body counts 


Initially, shunt estimation was performed after the injectior 
of labeled microspheres into a left antecubital fossa vein (a 
fortuitous choice of sides), demonstrating a 65 percent ana- 
tomic right to left shunt (Fig. 1A). 

A repeat right heart catheterization was performed (left 
femoral approach). This time the eatheter was passed across 
an atrial septal defeet. Right and left atrial mean pressures 
were 3 mm Hg, and oximetry demonstrated no significant left 
to right shunt. Pulmonary arteriography revealed no abnor- 
mality. An 11 percent right to left shunt was calculated on the 
basis of a pulmonary arterial oxygen saturation of 73 percent 
and a decrease in oxygen saturation between the pulmonary 
veins and the right brachial artery from 96 to 93.5 percent, but 
the explanation for the shunt remained unknown. In an effort 
to confirm and localize the right te left shunt, radionuclide 
angiocardiography was performed. 


X 10€ 


FIGURE 2. Selected frames from nuclear angiocar- 
diograms in the left anterior oblique (LAO) view and 
corresponding drawings. After the injection of tech- 
netium-99m pertechnetate into a left arm vein, the left 
superior vena cava (LSVC) was visualized, draining 
into the left atrium (LA). A repeat study performed 
after the injection into the right arm did not show the 
anomaly but demonstrated normal sequential visu- 
alization of the right superior vena cava (RSVC), the 
right ventricle (RV), the pulmonary artery (PA) and 
circulation, the left ventricle (LV) and the aorta 
(AO). 
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Nuclear angiocardiography: Imaging was performed in 
the left anterior oblique view after the intravenous injection 
of 20 mCi of technetium-99m pertechnetate (*9mTcO,) using 
the Oldendorf technique, and images were obtained using a 
high resolution gamma camera with a medium resolution 
parallel hole collimator. Data were recorded with an Ohio 
Nuclear VP-450 computer, 0.5 second/frame for 24 sec- 
onds. 

For the initial nuclear angiogram (Fig. 2A), technetium-99m 
pertechnetate was injected into a left antecubital fossa vein. 
Most of the tracer drained through a left superior vena cava 


LEFT SUPERIOR VENA CAVA—KONSTAM ET AL. 


that entered the left atrium. The aorta was seen before visu- 
alization of the pulmonary circulation, confirming the pres- 
ence of right to left shunt. The study was repeated by injecting 
the tracer into a right antecubital fossa vein, demonstrating 
normal sequential visualization of the right superior vena cava, 
right side of the heart, pulmonary circulation, left side of the 
heart and aorta, and no evidence of a right to left shunt (Fig. 
2B). 

Forty-eight hours later, a total body scan was again per- 
formed, this time after the administration of labeled micro- 
spheres into a right antecubital fossa vein (Fig. 1B). This study 








FIGURE 3. Anteroposterior (A) and lateral (B and C) views of left 
subclavian injection of contrast medium, demonstrating the left 
superior vena cava draining into the left atrium and the right 
superior vena cava filling from the innominate bridge and draining 
into the right atrium. The hemiazygous vein filled in retrograde 
fashion from the left superior vena cava (C). 
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ec hstentod that 91 percent of the activity lodged in the 
_ pulmonary capillary bed and indicated only a 9 percent shunt 
. from the right arm into the systemic arterial circulation. A 
contrast left subclavian venogram (Fig. 3) confirmed the 
anomalous left superior vena cava to left atrial communication 
and identified an innominate bridge connecting the left and 
right superior venae cavae. 


od, 


Discussion 


- Radionuclide imaging is an established tool in the 
. diagnosis of congenital heart disease.9-14 Nuclear an- 
a [E Eiocardiography provides a rapid and reliable means of 
assessing the physiologic and anatomic features of many 
. cardiovascular anomalies.81011,14 Our case helps con- 
- firm the capability of this technique to make a specific 
: pi agnosis, even when the diagnosis is rare and unex- 
pected. The detection and estimation of right to left 
— shunts by measuring the percent of systemic accumu- 
— lation of labeled microspheres after intravenous injec- 
J tion have been proved accurate and safe.5.12.13.15-18 Qur 
case adds a new dimension to this test because a specific 
. diagnosis could have been made based on the gross 
.. difference in the degree of shunting depending on the 

- site of injection (differential shunting). 


_ Systemic venous connections to left atrium: A left 
_ superior vena cava to left atrial connection is the most 
common form of systemic venous communication with 
| 1 e left atrium, a rare type of anomaly.? Less com- 
monly, the left atrium may connect with the inferior 
. vena cava, the right superior vena cava, the coronary 
Sinus, the azygous vein or the hepatic vein.!^^ The left 

and right superior venae cavae may or may not com- 
. municate by way of an innominate bridge, and cyanosis 
. may or may not be present, depending on the direction 
and the volume of flow. Despite the rarity of this 
. anomaly, it should be suspected in the setting of cya- 
—. notic congenital heart disease without right ventricular 
. hypertrophy. More commonly, a left superior vena cava 
. drains into the coronary sinus and by itself causes no 
. functional derangement.!?2? Raghib et al.? describe left 
superior vena cava to left atrial communication as part 
b. ofa developmental complex that also includes an atrial 
septal defect and absence of the coronary sinus. This 
—. complex was found in our patient. We are not aware of 
any association between this complex and aortic 
















regurgitation, another abnormality present in our pa- 
tient. 

Localization of right to left shunting from left 
superior vena cava: Aside from drainage of the left 
superior vena cava into the left atrium or a pulmonary 
vein, no other anomaly will result in marked systemic 
shunting of venous return from the left arm but minimal 
shunting from the right arm. This finding, which implies 
that the shunt occurs before the mixing of venous blood 
in the right atrium, is readily demonstrated with two 
intravenous injections of labeled microspheres, one in 
each arm. 

In our patient, the percent of activity in the systemic 
circulation after the left-sided injection (65 percent) did 
not reflect the total fraction of right to left shunt but 
rather the fraction of left superior vena caval blood that 
entered the left atrium directly, the remainder being 
diverted to the right atrium through the innominate 
bridge or the atrial septal defect. T'he 9 percent shunting 
of right arm venous return probably resulted from a 
small amount of right to left flow across the innominate 
bridge or the atrial septal defect. Because the superior 
vena cava normally carries about one third of the total 
systemic venous return, a left and right superior vena 
cava each carries about one sixth of the total.? There- 
fore, assuming no shunting of inferior vena caval return, 
the overall right to left shunt fraction equals one-sixth 
times the left arm shunt fraction plus one-sixth times 
the right arm shunt fraction. In our patient this value 
was (0.167 X 0.65) + (01.67 X 0.09) or 0.12, which agrees 
closely with the 11 percent value calculated at cardiac 
catheterization. In evaluating a known or possible right 
to left shunt with microspheres, an initial injection 
should be made in a left arm vein to avoid missing a left 
superior vena cava to left atrial connection. 

Similarly, the radionuclide angiocardiogram dem- 
onstrated the left superior vena cava and the right to left 
shunt (inferred from visualization of the aorta earlier 
than the pulmonary circulation) only after a left-sided 
injection, indicating that minimal right to left flow oc- 
curred through the innominate bridge and that the 
anomaly would have been missed had a right-sided in- 
jection been administered first. 
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- Bypass Surgery: Radionuclide Diagnosis and Surgical Resection 


A patient with left ventricular pseudcaneurysm formation resulting from 
myocardial infarction 4 years after coronary bypass surgery is described. 
The pseudoaneurysm was diagnosed with gated cardiac blood pool 
imaging and was subsequently successfully surgically repaired. Post- 
operative pericardial abnormalities predisposing to the possible devel- 
opment of a false aneurysm are discussed. Also, clinical situations in 
which pseudoaneurysm should be suspected are described, and appro- 
priate diagnostic approaches are outlined. 


Rupture of the free wall of the left ventricle occurs in up to 24 percent 
of fatal acute myocardial infarctions! and is 8 to 10 times more common 
than rupture of a papillary muscle or the interventricular septum.?4 
Although the exact incidence is difficult to know, a false aneurysm of 
the left ventricle probably develops in a small proportion of patients with 
cardiac rupture. Coronary bypass graft surgery has become the most 
frequently performed open heart operation in the United States. Cardiac 
rupture complicating myocardial infarction in a patient with previous 
coronary bypass surgery may be more likely to result in a false aneurysm 
of the left ventricle because the postoperative pericardial cavity is 
commonly obliterated or compartmentalized by adhesions. This se- 
quence of events is illustrated in the patient reported on in this 
study. 


Case Report 


A 61 year old man with intractable angina pectoris underwent surgical sa- 
phenous vein bypass grafting to the left anterior descending coronary artery at 
University Hospital in 1971. Coronary arteriography at that time also showed 
disease in a large diagonal coronary artery, but this artery was considered un- 
suitable for grafting. The patient remained asymptomatic until August 1975, 
when he was readmitted with prolonged chest pain and electrocardiographic 
and serum enzyme changes characteristic of a transmural lateral wall myocardial 
infarction. He left the hospital against medical advice 5 days later. By November 
1975 a systolic murmur was noted, but the patient was asymptomatic. In Feb- 
ruary 1977 symptoms of congestive heart failure developed, and digitalis therapy 
was instituted. Subsequently, the patient had occasional mild episodes of angina, 
and in August 1977 an episode of severe, prolonged angina necessitated the 
present hospital admission. 

Physical examination demonstrated a diffuse ectopic cardiac impulse in the 
third left intercostal space, palpable only in the left lateral decubitus positien. 
A grade 3/6 holosystolic musical murmur was heard over the entire precordium; 
the murmur was loudest at the apex and radiated to the axilla. Serial electro- 
cardiograms showed a stable pattern, unchanged from the postinfarction elec- 
trocardiogram of 1975, with significant Q waves in leads I and aVL. Serial 
myocardial enzyme determinations were normal. 

Chest X-ray films showed a large localized bulge confluent with the antero- 
lateral border of the left ventricle (Fig. 1), whereas the previous chest X-ray film 
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FIGURE 1. Admission chest X-ray 
films, showing a large bulge con- 
fluent with the lateral border of the 
left ventricle. Posteroanterior (left) 
and lateral (right) views. 


during hospitalization for myocardial infarction in 1975 had 
been normal. Cardiac X-ray series and chest fluoroscopy 
demonstrated a nonpulsatile middle mediastinal mass that 
could not be separated from the cardiac silhouette. 

A gated cardiac blood pool scan was performed using in 
vivo isotopic labeling of autologous red blood cells with 25 mCi 
of technetium-99m pertechnetate injected intravenously 1/2 
hour after the intravenous injection of 15.4 mg of Techne- 
Scan? stannous pyrophosphate (Mallinckrodt, Inc.).° Eighty 
msec end-systolic and end-diastolic electrocardiographic gates 
were obtained by synchronization with a surface electrocar- 
diogram using a physiologic synchronizer (Brattle Instrument 
Corporation). Using a scintillation camera (Searle, Pho 
Gamma HP) with a high resolution parallel hole collimator, 
end-diastolic and end-systolic frames were simultaneously 
accumulated to a total of 400,000 counts/image. Images were 
obtained in the anterior as well as in multiple right and left 
anterior oblique projections. In addition, on two separate 
occasions first passage isotope angiocardiograms were per- 
formed with peripheral intravenous injections of techne- 
tium-99m pertechnetate. The flow studies were initially re- 
corded on real-time videotape data storage and were subse- 
quently replayed, with Polaroid® stop-action images obtained 
at appropriate intervals. 

The gated isotope studies (Fig. 2) revealed a large non- 
contractile blood-filled mass located superiorly and postero- 
laterally to the left ventricle; the mass closely resembled that 
described by Botvinick et al.’ in the diagnosis of a left ven- 
tricular pseudoaneurysm. On first-passage isotope angiocar- 
diograms (Fig. 3), this mass filled in a delayed fashion after 
left ventricular visualization. In addition, the gated scans 
showed an area of akinesia involving the anterolateral wall and 
the apex. 

At cardiac catheterization the left cineventriculogram 
showed a narrow jet of angiographic dye extending from the 
anterolateral aspect of the left ventricle through the site of 
rupture, filling the superiorly located false aneurysm. Mild 
mitral regurgitation and a moderately large area of antero- 
lateral akinesia were noted. The bypass graft to the left an- 
terior descending coronary artery was patent, with total oc- 
clusion of the vessel proximal to the graft anastomosis. High 
grade stenoses were present in the right, diagonal and cir- 
cumflex marginal coronary arteries. 

At open heart surgery, a large false aneurysm was found, 
originating from the posterolateral surface of the left ventricle, 








with a 0.8 cm? communication with the left ventricular cavity 
at its base. The aneurysm was incised and the opening into the 
left ventricle closed. A saphenous vein bypass graft was placed 
to the distal right coronary artery; the branches of the cir- 
cumflex coronary artery could not be identified because of 
adhesions, and the diagonal coronary artery was not bypassed 


30°RAO 


45°LAO 


FIGURE 2. Gated cardiac blood pool scan, with end-diastolic images on 
the left and end-systolic images on the right. The false aneurysm is 
indicated by double arrows and the main left ventricular cavity by a 
single arrow. The interventricular septum and the right ventricle are 
well visualized in the 45? left anterior oblique (LAO) scintigrams, as is 
the apparent separation between the left ventricle and the false aneu- 
rysm. In the 30? right anterior oblique (RAO) views, the anterolateral 
wall and the apex appear akinetic. 
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because it supplied the area of the false aneurysm. The pa- 
tient’s postoperative hospital course was uneventful, and he 
was asymptomatic at his most recent office visit. 


Discussion 


Both true and false left ventricular aneurysms may 
occur after myocardial infarction. The rupture of a 
chronic true ventricular aneurysm is uncommon, and 
operation may be indicated only for symptoms of con- 
gestive heart failure, systemic embolization or ar- 
rhythmia.? In contrast, transmural rupture of the heart 
has already occurred in the development of a false an- 
eurysm. The wall of the pseudoaneurysm consists of 
elements of the pericardium, organized fibrous tissue 
and thrombus. Although these semiorganized tissues 
have served to prevent cardiac tamponade shortly after 
myocardial rupture, the risk of eventual rupture of a 
resulting large false aneurysm remains high.* In ad- 
dition, Vlodaver et al.? described two autopsy cases in 
which sudden death late after myocardial infarction was 
caused by the rupture of small left ventricular false 
aneurysms that were clinically unsuspected. Because 
death in such patients would usually be ascribed to an 
acute arrhythmia or conduction disturbance, these 
findings suggest that the incidence of death from rup- 
ture of a ventricular pseudoaneurysm may be greater 





FIGURE 3. Representative 5 second frames from 
first-passage isotopic angiocardiograms performed 
in the 45? left anterior oblique (LAO) and 30? right 
anterior oblique (RAO) projections. Time 0 is defined 
as the appearance of the isotope in the superior vena 
cava. In frame A (0 to 5 seconds), the isotope has 
passed through the superior vena cava, the right 
atrium and the right ventricle and into the proximal 
pulmonary artery. By frame B (10 to 15 seconds), the 
left ventricle (single arrow) has been visualized but 
the false aneurysm is not seen. Frame C (25 to 30 
seconds) shows the false aneurysm (double arrows) 
fully visualized by delayed filling, presumably from the 
left ventricle. 


than is suspected clinically. Because of the risk of fatal 
rupture, surgery is recommended for all patients with 
this diagnosis.* 

Clinical features of ventricular false aneurysm: 
As in our patient, the initial cardiac rupture leading to 
the development of a false ventricular aneurysm is 
usually not recognized at the time it occurs. Our patient 
left the hospital against advice only 5 days after myo- 
cardial infarction, and this early ambulation may have 
contributed to cardiac rupture. False ventricular an- 
eurysms become evident as early as 3 months or as late 
as 2 years after the initial event. Symptoms of conges- 
tive heart failure, the appearance of a new murmur or 
a change in appearance of the chest X-ray film, partic- 
ularly if a paracardiac mass is seen, are all suggestive of 
the diagnosis. Physical examination is nonspecific, al- 
though an apical holosystolic murmur may be present 
and a prominent apical impulse may be palpable.!9.!! 

Diagnosis with gated cardiac blood pool imaging: 
A variety of noninvasive studies have been reported in 
connection with this diagnosis. Echocardiographic 
techniques have proved useful,!? and echocardiographic 
sector scans will probably also be helpful. The scinti- 
grams obtained in our patient allowed us to make the 
specific diagnosis before cardiac catheterization. The 
isotope images are strikingly similar to those previously 
reported by Botvinick et al.’; however, the latter 
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stressed the importance of demonstration on isotope 
study of the narrow neck that communicates between 
the left ventricular cavity and the pseudoaneurysm. In 
our patient this communication could not be seen, and 
we believe that the narrow passage from which a left 
ventricular false aneurysm arises can be sufficiently 
small to be beyond the limits of resolution of isotope 
studies. Indeed, the previously described apparent neck 
on isotope study might represent an overlapping of the 
left ventricular cavity and the false aneurysm rather 
than the narrow-necked communication itself. 

Differential diagnosis of false and true aneurysm 
of left ventricle: Gated cardiac blood pool images ob- 
tained in a true left ventricular aneurysm are similar to 
the appearance of a true aneurysm on left ventricular 
angiography, showing a wide-mouthed communication 
between the aneurysmal cavity and the main left ven- 
tricular cavity.” Also, first-passage isotope angiocar- 
diograms show essentially simultaneous filling of the left 
ventricular cavity and a true aneurysm. Although other 
conditions, such as a vascular chest tumor or an aneu- 
rysm of the great vessels, might possibly produce an 
isotopic appearance similar to that described in our 
patient, this pattern in the appropriate clinical setting 
strongly suggests a left ventricular pseudoaneurysm. In 
reviewing more than 400 gated cardiac blood pool scans 
performed at our hospital during the last 2 years on a 
wide variety of cardiac abnormalities, including many 
instances of true left ventricular aneurysm, we found 
no appearance on isotope study that was similar to that 
of the pseudoaneurysm described in this report. The 
only images that even remotely resembled those of a 
pseudoaneurysm were the left anterior oblique images 
of a giant left atrium, but the left atrium would be 
visualized before the left ventricle in a first-passage 
isotope angiocardiogram. 

Etiology: role of previous cardiac surgery: Most 
reported cases of false aneurysm of the left ventricle 
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have been caused by myocardial infarction or cardiac 
surgery. Incision into the left ventricle, inadvertent 
surgical trauma and ventricular aneurysmectomy have 
all resulted in pseudoaneurysm formation, the patho- 
genesis being a leak from the closure of the left ven- 
tricular incision. The majority of false aneurysms re- 
sulting from cardiac surgery have been treated suc- 
cessfully with reoperation, possibly indicating a favor- 
able role of partial obliteration of the pericardial cavity 
by preexisting adhesions. 

Although our patient did undergo cardiac surgery, the 
operation did not involve incisions or sump drainage of 
the left ventricle. At the time of the myocardial infarc- 
tion 4 years after coronary bypass surgery, there was no 
clinical or chest X-ray evidence of a false aneurysm. 
Therefore, it appears that the pseudoaneurysm for- 
mation was not a direct result of the cardiac surgery 
alone but a consequence of cardiac rupture at the time 
of the remote postoperative myocardial infarction. In 
this setting, it is possible that preexisting postcardiac 
surgery pericardial adhesions could be instrumental in 
the formation of a pseudoaneurysm by partially con- 
taining myocardial rupture associated with acute in- 
farction. Because coronary bypass surgery is being 
performed more often in a population at risk for sub- 
sequent myocardial infarction, it is possible that more 
false aneurysms of the left ventricle will occur. There- 
fore, in any patient with previous coronary arterial 
surgery, the appearance of an abnormal cardiac bulge 
in the chest X-ray film or an ectopic cardiac impulse on 
physical examination, particularly if associated with an 
apical systolic murmur, should raise the suspicion of a 
left ventricular false aneurysm. A gated cardiac blood 
pool scan performed in such a patient provides a simple 
and precise means of establishing the diagnosis and 
could lead to the surgical repair of a life-threatening 
lesion in a patient whose clinical condition would oth- 
erwise have not appeared alarming. 
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Two women who had an acute myocardial infarction during the early 
postpartum period are described, and the findings in nine other women 
previously reported on are summarized. Attention is called to the atypical 
nature of ischemic heart disease and myocardial infarction in these pa- 
tients when compared with myocardial infarction during pregnancy and 
with ischemic heart disease in men. Postpartum infarcts most often occur 
in women in their 20s during their first pregnancy, frequently a pregnancy 
complicated by the preeclampsia-eclampsia syndrome, and are associ- 
ated with a high mortality rate. In one of our patients and one patient 
previously reported on, the results of coronary arteriography were normal, 
suggesting that coronary arterial thromboembolism or spasm was a Cause 
of the infarction. Because postpartum myocardial infarction may be un- 
related to atherosclerotic narrowing, detailed angiographic studies in such 
patients appear warranted. These cases indicate the variety and com- 
plexity of ischemic heart disease in women. 


Women of childbearing age rarely have an acute myocardial infarction, 
presumbly because of the extremely small incidence of coronary ath- 
erosclerosis in this population. In a series of more than 3,000 pregnant 
women less than 40 years of age, Glendy et al.! found a 1.5 percent inci- 
dence rate of clinical coronary disease. When a woman does have a 
postpartum myocardial infarct, it is presumed to be caused by previously 
undetected coronary atherosclerosis,?-? although little anatomic con- 
firmation is available. This report describes the two patients with 
postpartum acute myocardial infarction treated at the Johns Hopkins 
Hospital during the past 25 years and compares them with similar pa- 
tients previously reported on. Clinical presentations and anatomic study 
of the coronary arteries with angiography in one of our patients and with 

autopsy or angiography in four of the patients previously reported on 
suggest that myocardial infarcts in women in the postpartum state are 

different from those occurring in men of comparable age. Postpartum 

myocardial infarction is not necessarily related to atherosclerotic nar- 

rowing; thus, detailed angiographic studies in survivors of this event 

appear warranted to permit better understanding and treatment of 

ischemic heart disease in women. 


Case Reperts 


Case 1: This patient was a 29 year old woman whose health was excellent until 
she began to experience episodes of substernal chest pain 9 days after the birth 
of her second child following an uncomplicated pregnancy and delivery. The 
chest pain had no identifiable precipitating factors, was not accompanied by 
electrocardiographic changes and was ascribed to gastrointestinal causes by the 
patient's internist. No arteriolosclerotic risk factors, including hypertension, 
smoking, diabetes, oral contraceptive use, family history of premature myocardial 
infarction or hyperlipoproteinemia, were present. There was no history of a 
coagulation disorder. The pains persisted intermittently for 5 days until the day 
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Postpartum Acute Myocardial Infarction: Findings in 11 Reported Cases 


Post- 
partum 
Case Age Interval Multi- Infarct 
no. Ref (yr) (days) parous Site 
1 2 28 17 No Anterior 
2 3 35 1 No ? 
3 4 31 4 Yes Anterior 
4 5 21 4 No Antero- 
septal 
5 6 23 3 No Antero- 
septal 
6 7 17 3 No Posterior 
7 8 25 11 No ? 
8 8 27 8 No Anterior 
9 9 36 11 Yes Anterior 
10 y 35 1 No Anterior 
11 m 29 9 Yes Anterior 





Cardiac 
Arrest 
Coronary or Death, 
Anatomy or Both Comment 
Unknown No Treated with cafergot 
and ergotamine 
Atherosclerotic Yes Treated with ergotrate post 
partum; 2 weeks of 
preeclampsia-eclampsia 
Atherosclerotic Yes Hydralazine for 
preeclampsia; 
mephentermine for 
transient hypotension; 
induced labor 
Atherosclerotic Yes a} 
coronary disease; 
LAD occlusion 
Unknown No Preeclampsia; treated with 
hydralazine; induced labor 
Unknown No fied 
Unknown No Preeclampsia; induced 
labor 
Unknown Yes oa 
Normal on coro- No Systemic hypertension 
nary angiography 
Unknown No Preeclampsia 
Normal on coro- Yes Normal delivery 
nary angiography 


ee 


* Present study. 


LAD = left anterior descending coronary artery; Ref = reference number. 


of admission to the Johns Hopkins Hospital, when the patient 
had an episode of chest pain followed by cardiopulmonary 
arrest. Cardiopulmonary resuscitation was successfully per- 
formed by her husband, who witnessed the arrest. During 
ambulance transport to the hospital, the electrocardiogram 
revealed marked S-T segment elevation in the anterior pre- 
cordial leads, and subsequently the patient had three episodes 
of ventricular fibrillation that responded to electric cardio- 
version. 

Serial cardiac enzyme determinations disclosed a peak 
serum creatine kinase level of 2,000 units with positive results 
on an MB isoenzyme fractionation. Subsequently, electro- 
cardiographic changes of an anterior myocardial infarction 
developed, with QS complexes in leads V; to V4. A thallium- 
201 myocardial scan showed a large perfusion defect in the 
anterior left ventricular wall and septum. 

Coronary angiography was performed on the patient’s 20th 
hospital day. The coronary arteries were normal with no evi- 
dence of narrowing or irregularity. The circumflex coronary 
artery originated from the right coronary cusp but was other- 
wise normal. The left ventricular ejection fraction was 36 
percent, and the apex and anterior walls were akinetic. 

At a 5 month follow-up examination, the patient was 
asymptomatic and leading an unrestricted life. Her electro- 
cardiogram and thallium-201 scans remained abnormal, and 
her heart was still enlarged. 


Case 2: To determine the frequency of postpartum myo- 
cardial infarction in our hospital population, we searched by 
computer the 2,822,783 clinical records since 1952 for women 
less than 45 years of age with a diagnosis of myocardial in- 
farction. One additional case, presenting in 1957, was 
found. 

This patient was a 35 year old woman with no previous risk 
factors who had preeclampsia during pregnancy. During labor 


she had chest pain that persisted after delivery, and within 
the first 24 hours post partum, electrocardiographic evidence 
of an anterior myocardial infarct developed. On the third day 
after delivery, pulmonary edema and a new grade 2/6 systolic 
murmur developed. With standard therapy the patient re- 
covered and was subsequently symptom-free. Ten years later 
she died suddenly and unexpectedly at home. An autopsy was 
not performed. 


Review of Literature 


At least nine other patients with postpartum acute myo- 
cardial infarction have been reported on during the past 25 
years?-? (Table I). Including our 2 patients, these 11 women 
had an age range of 17 to 35 years (average 28), and all but 1 
had an acute infarct within the first 10 days post partum. No 
patient had a previous history of chest pain or arrhythmia or 
a diagnosis of cardiac disease suspected before delivery. Eight 
of the 11 patients were primiparous. In nearly half of these 11 
patients the pregnancy and delivery were complicated by the 
preeclampsia-eclampsia syndrome, which developed in the 
last few weeks before term and required therapy at the time 
of delivery. Because of hypertension, delivery was reported 
to have been induced in three of these patients. After delivery 
two patients received ergotamine or cafergot, or both, and one 
patient received intravenous mephentermine for transient 
hypotension. In all patients the myocardial infarct was de- 
scribed as large; its location was anterior in eight patients, 
posterior in one patient and not defined in two patients. Four 
patients died as a result of acute myocardial infarction, and 
one patient had multiple cardiac arrests. 

Coronary anatomy was defined in only five patients. In the 
three patients subjected to autopsy, coronary atherosclerosis 
was reported, and acute coronary thrombosis in a diseased 
coronary artery was described. In the two more recent pa- 
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tients, including our Case 11, coronary angiography demon- 
strated no evidence of coronary occlusive disease. 


Discussion 
Acute myocardial infarction in the postpartum period 


is a rare occurrence. We found, in addition to our two 


4 : patients, only nine others reported on in English lan- 


guage publications during the past 25 years, and most 
of these were reported on in obstetric journals. The 
findings to date suggest that this event may occur in 


. women at any time during their childbearing years but 
— that it occurs mostly in primiparous women in their 
= middle 20s and usually within 1 to 2 weeks of delivery. 
— More than half of these patients had preeclampsia and 
. required hypotensive therapy during the delivery pe- 
_ riod, and five (45 percent) of these young women died 
— or had a cardiac arrest. 


The postpartum infarct appears to differ in several 


respects from the more frequently reported acute 
. myocardial infarct occurring during pregnancy.!9.1 
_ Patients with the latter finding tend to be older and 


multiparous. Although the women are generally older, 


. the mortality associated with the pregnancy-linked 
_ infarct appears to be low. Ginz,? in his review of 39 re- 


ported cases of acute myocardial infarction in preg- 
nancy, found an 18 percent mortality rate. Atheroscle- 


. rosis is presumed to be the cause of most of the acute 
= infarcts during pregnancy in these generally older 
= women, although angiographic confirmation is seldom 
available. 


Etiology: The etiology of acute myocardial infarction 


_in the younger postpartum patient is not known. Ana- 


— tomic information is limited in these patients also; 


= coronary anatomy was defined in only 5 of the 11 re- 


- ported cases. One of our two patients and one other 


= survivor of postpartum myocardial infarction? had 
. normal coronary arteries on angiography. The other 
_ three patients died and were described as having ath- 
— erosclerotic coronary disease with thrombosis in the 


autopsy report, but detailed studies of their coronary 


. arteries were not provided. 


Coronary thromboembolism versus coronary 
spasm: That two of these five patients had normal 


. coronary arteries is noteworthy. Myocardial infarction 
_ with normal coronary arteries is relatively rare. Some 


_ clinical angiographic studies have reported that this 


"ox a 


—. event occurs more often in men than in woman,!?-4 but 


this may reflect the fact that coronary arteriography is 


| y performed more often in men than in women.!? Autopsy 
— studies of myocardial infarction with minimal or no 


e - 


-Coronary stenosis and no coexisting valvular or con- 
E. genital heart disease suggest that this event, unlike 


. coronary atherosclerosis, may occur as frequently in 


women as in men.!° Considerable controversy exists 


.. about the cause of infarction with normal coronary ar- 


teries. Coronary embolism !?:16 with lysis, retraction or 
recanalization of the embolus is one possible explana- 
tion, but it is no more provable than coronary arterial 


-~ spasm as a cause.!6.!? Both are likely possibilities, and 
JA women in the postpartum state may be susceptible to 
coronary occlusion from either mechanism. Abnor- 





malities of blood clotting associated with oral contra- 
ceptive agents and pregnancy may predispose women 
to thromboembolic phenomena. Five of the 11 patients 
had the preeclampsia-eclampsia syndrome. This syn- 
drome usually shows some evidence of diffuse intra- 
vascular coagulation,!? which rarely may be associated 
with coronary thromboembolism and infarction.!? 
Coronary thromboemboli most often involve the left 
anterior descending coronary artery, and & of the 11 
infarcts were anterior in location. 

The findings in these 11 patients might also suggest 
that coronary spasm played a role in the infarction. Two 
patients were treated with ergot alkaloids, compounds 
known to induce coronary spasm in susceptible per- 
sons.?? The relatively large incidence of preeclampsia 
in these patients might also suggest a cororary vaso- 
spastic process because arteriolar vasospasm is a feature 
of this disease. Because blood pressure may not return 
to normal until up to 6 weeks after delivery,!? a post- 
partum period of enhanced vasoactivity could also ac- 
count for the infarcts occurring weeks after delivery. It 
is not known whether the heart could be involved by 
such a temporary arteriolar vasospastic disorder in the 
postpartum state, but there is evidence that myocardial 
injury can result from coronary arteriolar spasm in other 
vasospastic disorders such as scleroderma.?! 

Primary coronary arterial dissection is another 
possible cause of peripartum myocardial infarction.?? 
Approximately one third of all primary coronary dis- 
sections described in women occurred in the peripartum 
period. However, coronary dissection usually leads to 
sudden death rather than to clinically evident acute 
infarction. 

Role of coronary angiography: The information 
to date on the postpartum infarct suggests that it has 
varied causes and that angiographic definition of the 
coronary anatomy is essential. Because most of our data 
on ischemic heart disease is derived from studies in men, 
there is a tendency to attribute all infarcts to athero- 
sclerotic occlusions until proved otherwise. Ischemic 
heart disease in women has generally been neglected; 
we should probably apply different criteria and ap- 
proaches to women, especially young women with 
myocardial infarction. Welch et al.?3 reported that 76 
percent of women under age 50 years undergoing cath- 
eterization for chest pain had normal coronary arteries, 
compared with 41 percent of patients under age 50 years 
unselected for sex. They also found that 24 percent of 
46 women with an electrocardiographic diagnosis of 
myocardial infarction had normal coronary arteries on 
coronary angiography, whereas only 6 percent of 109 
such men had normal coronary arteries. Furthermore, 
excluding patients with primary myocardial disease, the 
Wolff-Parkinson-White syndrome or a history of chest 
trauma, 15 percent of women but only 2 percent of men 
with electrocardiographic evidence of myocardial in- 
farction had normal coronary arteries. 'T'hus, the peri- 
partum infarct is only one example of the need for a 
clearer definition of ischemic heart disease in women, 
which appears to be more varied and complex than the 
ischemic heart disease commonly seen in men. 
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Clinical implications: Chest pain that occurs in the 
early postpartum period, especially if the woman’s de- 
livery was complicated by preeclampsia or eclampsia, 
should be viewed cautiously even in the absence of 
electrocardiographic evidence of myocardial ischemia. 
Persistent pain should prompt hospital admission and 
possibly early coronary angiography. The documenta- 
tion of coronary arterial vasospasm with reversal by 
nitroglycerin would suggest a mechanism for postpar- 
tum myocardial infarction in some of these patients. A 
period of continued therapy might prevent substantial 
myocardial injury or even death. The failure to docu- 
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ment arteriosclerotic, embolic or vasospastic coronary | À 
artery disease might require a brief therapeutic trial of — 






vasodilatation. Symptomatic improvement would favor — 


maintenance therapy for several weeks and close ob- - 


servation after drug withdrawal. 
In our patient (Case 1), a 29 year old woman with two 


small children, the normal coronary arteries allowed 


considerable prognostic optimism that would not have — 
been possible had obstructive coronary disease been - 


found. In addition, one would not necessarily advise 
against future pregnancies in women with normal cor- 
onary arteries. 
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Four patients, aged 6 to 14 years, with accelerated ventricular rhythm 
were studied from June 1976 to June 1978. Three were asymptomatic 
and had no evidence of cardiac disease. One patient had equivocal evi- 
dence of myocarditis. All four patients are well without therapy. The benign 
nature of this rhythm and the importance of its differentiation from ven- 
tricular tachycardia is stressed. | 


Accelerated ventricular rhythm has been reported frequently in adults, 
usually in association with acute myocardial infarction, other heart 
disease or digitalis intoxication.!~ This rhythm is rare in the absence 
of heart disease, and we are aware of only one previously reported case 
in childhood.? In this report we present four children with accelerated 
ventricular rhythm; three of the four have no demonstrable organic heart 
disease. We stress the benign nature of this rhythm and its di?ferentia- 
tion from the more serious ventricular tachycardia. 


Case Reports 


Case 1: A 13 year old boy was referred for evaluation of an arrhythmia noted 
on a routine preschool physical examination. His history was unremarkable. 
Cardiovascular examination disclosed no abnormalities other than the ar- 
rhythmia. Chest X-ray film and echocardiogram were normal. The electrocar- 
diogram was normal except for periods of accelerated ventricular rhythm at a 
rate of 65 beats/min (Fig. 1). The accelerated ventricular rhythm was completely 
suppressed by an increased sinus rate during exercise. The patient has remained 
asymptomatic without therapy, and his electrocardiogram has not changed 
during a 2 year follow-up period. 


Case 2: An 11 year old boy was referred for evaluation of a cardiac arrhythmia 
noted during a routine physical examination. He reported episodes of fatigue 
but no dizziness, chest pain or syncope. Cardiovascular examination, including 
chest X-ray film, was normal. Cardiac catheterization and angiography revealed 
no abnormalities. The electrocardiogram was normal except for periods of ac- 
celerated ventricular rhythm (Fig. 2) that were suppressed during exercise. The 
patient's tracing and symptoms did not change with the administration of pro- 
pranolol, up to 20 mg four times daily. Propranolol was discontinued and the 
patient has had no complaints during a 1 year follow-up period. 


Case 3: A 6 year old boy was referred because of an irregular pulse noted at 
a routine school examination. He was asymptomatic. Physical examination, chest 
X-ray film and echocardiogram were normal. The electrocardiogram was normal 
except for the arrhythmia. There were periods of ventricular bigemiry with a 
QRS configuratien identical to that seen during accelerated ventricular rhythm 
(Fig. 3). Cardiac catheterization and angiography revealed no abnormalities. 
Electrophysiologic studies confirmed the ventricular origin of the arrhythmia 
(Fig. 4). Accelerated ventricular rhythm, present during the study, was sup- 
pressed by an increased sinus rate or atrial pacing. Programmed ventricular 
premature stimulation was performed during right ventricular pacing at a cycle 
length of 500 msec (rate 120 beats/min). A premature stimulus (S5) was delivered 
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tis in diastole and was brought closer to the basic stimulus Case 4: A 14 year old boy was admitted to this hospital after - 
(S1) by decrements of 10 msec until the refractory period of complaining of intermittent bilateral frontal headaches of 4 — 
the ventricle was reached. Similarly, with S? constant a third months’ duration. He had had one episode of “blurred vision” p 
stimulus, S3, was introduced and S2-S shortened until S3 and, 2 months before admission, fell to the floor while dialing - 
failed to conduct. No tachycardia was induced. The patient the telephone. He recalls falling and getting up but does not | 
remains asymptomatic with no therapy after 8 months of remember losing consciousness. He had no cardiovascular 
follow-up. symptoms or any history of significant previous illness. - 









FIGURE 1. Case 1. Accelerated 
ventricular rhythm (lead Il). The 6th — 
complex is a fusion beat, and the » 
7th, 11th and 12th complexes are — 
sinus captures. 
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FIGURE 2. Case 2. Accelerated ventricular rhythm (lead Il) at a rate of 110 beats/min with frequent sinus capture beats. a 


FIGURE 3. Case 3. Rhythm strips, lead Il. Top, ac- p 
celerated ventricular rhythm at a rate of 100 beats/ _ 
min. Bottom, ventricular bigeminy with a QRS con- - 
figuration identical to that seen in the top strip. y 
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FIGURE 4. Case 3. Intracardiac electrograms recorded during accelerated ventricular rhythm. Note the absence of a His spike preceding the QRS _ 
complex and atrioventricular dissociation during the accelerated ventricular rhythm. (The last two A deflections may be retrograde because the — 
low right atrial electrogram in the bipolar His electrogram [BH] precedes that in the bipolar high right atrial electrogram [BRA]). Long times lines - 
= 50 msec. 1, 2 and 3 are standard leads |, II and III. E 
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= beats/min and accelerated ventricular 
rhythm at a rate of 115 beats/min. The 
_ fourth beat from the end is a fusion com- 
1 plex. 


- , gy TR ^im PETIT 
Porn | eae Tg TUERI. A ls pe ow x nicae - vll " 
RATE ER " CULAR - nU "T. ¢ : GAUM PET Al , EN 
pe : » ; 2 =i 


FIGURE 5. Case 4. Holter monitor lead 
showing sinus rhythm at a rate of 120 


"a . 


D. - . . . . . * . . . 
_ Physical examination, including neurologic investigation, 


- revealed no abnormalities. The chest X-ray film was normal. 


= The echocardiogram, with the patient in sinus rhythm, was 
— normal. Twenty-four hour Holter monitoring revealed long 


- episodes of accelerated ventricular rhythm (Fig. 5) during 


— which the patient was asymptomatic. The arrhythmia was 


- abolished with exercise. The electrocardiogram during sinus 


«4 


rhythm revealed T wave inversion in the inferior leads. Be- 
- cause of the T wave changes, it was believed that the ar- 


rhythmia might be associated with a subclinical myocarditis. 


-.. The patient was treated with propranolol and digoxin. Repeat 
—. Holter recording 2 weeks after admission showed no change. 
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. The T wave abnormalities were present at the time of the 
_ second Holter recording but had resolved by 4 weeks after 


a 
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a 
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admission. The patient continued to receive digoxin and 
propranolol for 9 months. Rhythm strips showed sinus 


.— rhythm. The patient has received no medication for 5 months 
and has had no recurrence of symptoms or electrocardio- 
. graphic evidence of arrhythmia. 


Discussion 
Accelerated ventricular rhythm (also called non- 


- paroxysmal ventricular tachycardia, accelerated iso- 


dy 


. rhythmic ventricular rhythm,? and idioventricular 
— tachycardia”) is not an uncommon rhythm. Lichstein 


-- 


et al.5 reported that 12.7 percent of 37 patients with 
. acute myocardial infarction had this rhythm. In another 


*& 


- series, accelerated ventricular tachycardia was reported 
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genital heart block. 


in 29 adults and one child.? All but two of the adults had 
heart disease, and the child, aged 10 years, had con- 


We have chosen to distinguish accelerated ventric- 


— ular rhythm from classic ventricular tachycardia® by 


" 
Iv 


. its gradual rather than abrupt onset and by the ven- 
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- tricular rates, which are very close to the sinus rate at 


- rest (78 to 110 beats/min). In our patients, Holter 
— electrocardiographic monitoring revealed no episodes 


Ls 


- of fast ventricular tachycardia at rates twice that of the 


Hn 


accelerated ventricular rhythm, which would suggest 


— ventricular tachycardia with exit block. The ventricular 
—. origin of the arrhythmia was confirmed by capture and 
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. fusion beats and by His bundle studies in one patient 
. (Case 3). 





The mechanism of this arrhythmia is not known. 
'The rhythm is probably not parasystolic because it is 
unprotected during an increase in sinus rate and a 
common interectopic interval could not be found in any 
tracings. Case 3 is unusual because, although the QRS 
configuration during accelerated ventricular rhythm 
was identical to that noted in a strip of ventricular bi- 
geminy, premature stimulation of the right ventricle 
during electrophysiologic studies could neither induce 
nor interrupt the tachycardia. Wellens et al.7? described 
the initiation and termination of ventricular tachycardia 
with critically timed ventricular stimuli and attributed 
this process to a reentrant mechanism. In their patients 
the extrastimulus was able to effect the potential 
reentrant circuit and set the scene for reentry or to in- 
terrupt the circuit and thus terminate the tachycardia. 
'The ineffectiveness of premature ventricular stimula- 
tion on the rhythm in our patient suggests that reentry 
was not a mechanism. 

The striking similarity in the clinical presentation 
and course of three of our four patients is noteworthy. 
All of the arrhythmias were recognized during routine 
physical examination in asymptomatic children who 
had no evidence of cardiovascular disease. The ar- 
rhythmia was suppressed by increasing the sinus rate, 
and all of the patients are asymptomatic without ther- 
apy. Patient 4 probably had transient myocardial dis- 
ease, as indicated by the T wave changes and the dis- 
appearance of the rhythm disturbance with time. 
However, we were concerned about the equivocal his- 
tory of loss of consciousness because cases of accelerated 
ventricular rhythm complicated by ventricular tachy- 
cardia and ventricular fibrillation have been re- 
ported.^ 

Management: The differentiation of accelerated 
ventricular rhythm from ventricular tachycardia is 
important. We recommend no therapy for this rhythm. 
If symptoms are present we recommend Holter elec- 
trocardiographic monitoring, graded exercise testing 
and, if necessary, invasive electrophysiologic studies to 
uncover more malignant rhythm disturbances. 
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LETTERS TO THE EDITOR 


ATRIOVENTRICULAR NODAL 
WENCKEBACH PHENOMENON 


There has been considerable speculation through the years 
that, during the successive beats in an atrioventricular (A-V) 
nodal Wenckebach cycle, there was a concomitant, progressive 
increase in refractoriness of the junctional conducting tissues. 
The well designed and extensive series of experiments by 
Simson et al.! recently published in this journal have provided 
the critical evidence for such contentions. Furthermore, these 
authors provided a comprehensive survey of the various hy- 
potheses advanced to explain the Wenckebach phenomenon 
and analyzed their data in an effort to determine which hy- 
pothesis was correct. 

In 1974, my collaborators and I attempted to analyze the 
Wenckebach phenomenon on the basis of a positive feedback 
mechanism.?? We proposed that, given a virtually constant 
cardiac cycle length, a delay in A-V conduction (reflected by 
a prolonged P-R interval) might initiate a sequence of elec- 
trophysiologic changes so that the next atrial activation wave 
would arrive at the A-V junction at an earlier phase of the 
relative refractory period (reflected by the shorter R-P in- 
terval). This in turn would cause an even greater lengthening 
of the P-R interval. This sequence of progressive lengthening 
of the P-R interval and shortening of the R-P interval would 
continue until the wave of atrial activation arrived at the A-V 
junction during its effective refractory period, at which point 
it would be blocked. 

Schaffer and DePasquale* proposed that the most likely 
electrophysiologic basis for this phenomenon involved elec- 
trotonic interactions among the conducting fibers in the A-V 
node. Our group?? and Simson et al.! agreed that such inter- 
actions probably accounted for the progressive retardation 
of A-V conduction within a Wenckebach cycle. However, we 
chose to interpret such phenomena in terms of control systems 
theory, whereas Simson et al. interpreted them in terms of a 
"cumulative effect." 

Because the electrotonic interaction mechanism underlies 
the hypotheses of both groups, the differences appear to be 
largely semantic. Simson et al.! did concede that their cu- 
mulative effect could be considered to be a “form of positive 
feedback." However, their principal objection to our feedback 
formulation appeared to be the "instability" of one of the 
functions in our control systems block diagram. They are 
certainly correct about the stability of the function, but such 
information does not invalidate the overall hypothesis. The 
contents of the involved block must simply be replaced by a 
more precise transfer function. A control systems model is 
one way to state formally a working hypothesis. As more in- 
formation is gained, the model is altered accordingly. 

Although it appears that the differences between our hy- 
pothesis and that of Simson et al. are semantic rather than 
conceptual, we believe that the use of the term "cumulative" 
is especially misleading. In their paper, Simson et al. use that 
term as if it were equivalent to “fatigue.” In our animal ex- 
periments,? whether or not we succeeded in establishing the 
existence of a positive feedback system, we did rule out un- 
equivocally the involvement of fatigue as the definitive factor. 
We did acknowledge that cumulative effects are a prominent 
feature of A-V conduction? and cited appropriate references. 
However, we showed experimentally that during an estab- 
lished Wenckebach rhythm, such cumulative effects must 
have been at a steady state. Hence, they played no more than 
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a negligible role in producing a progressive retardation of A-V a 
conduction. When we programmed our computer to break | 
abruptly the cycle of diminishing R-P intervals, the Wenck- _ 


ebach phenomenon was abrogated instantly (from one 


heartbeat to the next). We equated this with “opening” a 
feedback loop. Conversely, when we “closed” the loop again ~ 


by allowing the R-P intervals to take on whatever values they _ 
would at the prevailing atrial pacing frequency, the Wenck- _ 
ebach cycles resumed immediately. We aver that such be- — 


havior is incompatible with a fatigue mechanism. 
Matthew N. Levy, MD 
Investigative Medicine 


Mt. Sinai Hospital of Cleveland - 


Cleveland, Ohio 
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REPLY 
Our findings do not invalidate the positive feedback hy- 


pothesis of Levy et al. In studies on Wenckebach cycles we © 
were unable to define a single transfer function of the form  - 


A-H = f(H-A) that fit the experimental data obtained during _ 


testing with premature beats. Instead of one transfer function 
that described A-V nodal conduction properties during 4:3 


Wenckebach cycles, we found a family of at least three transfer — 


functions (see Fig. 6 of our paper). We were also unable to find 


a transfer function of two independent variables that fit the ^ 
data. We concluded that, in a formal definition of A-V nodal _ 
conduction as a positive feedback control system, the transfer ^. 


_ 


function is likely to be complex and to involve multiple vari- — 


ables, and it has yet to be precisely defined. 
We do not fully understand Levy’s comment in his letter 


that during an established Wenckebach arrhythmia “cumu- 
lative effects must have been at a steady state.” We believe 


our experiments demonstrated a cumulative effect on re- 
fractoriness after a blocked beat that increased as the limit 


of 1:1 conduction was approached and that can be observed a 


- 


"E 


during Wenckbach cycles. An important point is that we de- — 


fined refractoriness in terms of the atrial test interval, asis 


traditionally done. Our understanding of Levy’s positive 


feedback model is that it also would cause progressive changes E 


in refractoriness, a cumulative effect, after blocked beats and 


during Wenckebach cycles. In the experiments Levy describes- 


in his letter, clamping the R-P interval at a fixed value has the 
incidental effect of increasing the P-P interval; consequently, 
it is not surprising that the A-V node conducted in a 1:1 
fashion. Moreover, because the atrial test interval was not held 
constant, the experiment does not evaluate refractoriness in 
terms of the atrial test interval. 


We interpret the clamped R-P experiment as atest forthe - 
stability of the transfer function P-R = f(R-P). The fact that . 


P-R intervals remain constant with a clamped R-P interval | 


suggests that the transfer function is stable over subsequent _ 


beats. Our data support such an interpretation. In Figure 6 — 


165 .— 





E of. our paper the transfer functions for beats 3 and 4 were 
| E similar, whereas the transfer functions for beats 1 and 2 were 
E p pied rightward. These data suggest that the transfer 
| ction may be stable several beats after a blocked beat, and 
iat it may be a useful descriptor of A-V nodal conduction 

F uring sequences of beats that do not immediately follow a 

- blocked beat. Levy et al. (his Ref. 2) have provided data during 
1:1 conduction at varying cycle lengths that are in agreement 
with this hypothesis. 
E Michael B. Simson, MD 


ECC Joseph F. Spear, PhD, FACC 
E E. Neil Moore, DVM, PhD, FACC 
E Department of Medicine 
E" Hospital of the 


] University of Pennsylvania 
A Philadelphia, Pennsylvania 


















ABNORMAL P WAVE IN REYE'S SYNDROME —II 


‘The report by Isner et al.! regarding the abnormal P wave 
_ pattern in Reye's syndrome requires comment. The prominent 
3 ? waves with a T-a wave inscription noted in leads II and aVF 
in the initial tracing were certainly secondary to the tachy- 
- cardia. The S-T segment sagging in leads V4 to Vg was most 
- likely hyperventilation-rate related. To consider a primary 
- control nervous system etiology is totally inappropriate. 

z R. H. Wasserburger, MD 

University ECG—Computer Service 
University of Wisconsin Medical Center 
Madison, Wisconsin 


. Reference 
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REPLY 
_ Wasserburger's opinion notwithstanding, there is a dearth 
_ of investigative studies to suggest that P wave abnormalities 
- frequently result from central nervous system disorders in- 
. dependent of changes in heart rate. Hersch,! for example, 
: f ound that of head injury victims with tall P waves, nearly 40 
_ percent had a heart rate of 55 to 90 beats/min. In a similar 
-study by Eisalo and associates,? 71 percent of patients with 
_ tall P waves in the setting of head injury had a heart rate of 
60 to 100 beats/min. Both studies concluded that tachycardia 
E. ilone was insufficient to explain the P wave abnormalities. 
- Furthermore, although “sympathetic overactivity” (with as- 
. sociated tachycardia) may temporarily augment P wave 
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. FIGURE 1. Exercise treadmill test: the lead Il electrocardiogram shows no P wave abnor- 
. malities despite tachycardia (rate 155/min). Paper speed is 22 mm/sec. 


voltage, in children the resultant P wave generally does not 
exceed normal limits.? In our 12 year old patient, the P wave 
amplitude in leads II and aVF clearly exceeded age-dependent 
normal limits.‘ Finally, treadmill exercise testing 14 months 
after recovery from Reye's symdrome produced no P wave 
abnormalities in our patient, despite an exercise-induced 
tachycardia of 155 beats/min (Fig. 1). 

The abnormal P wave pattern observed in eur patient 
during her acute illness was intimately related to a period of 
central nervous system decompensation with concomitant 
increased intracranial pressure. Although it was present when 
the P waves were abnormally high, tachycardia itself is un- 
likely to have been the major determinant of P wave size. 


Jeffrey M. Isner, MD 

National Heart, Lung, and Blood Institute 
National Institutes of Health 

Bethesda, Maryland 


Barbara Guller, MD, FACC 

Lewis P. Scott, MD, FACC 

Children's Hospital National Medical Center 
Washington, DC 
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A LESSON FROM CONTROLLED THERAPEUTIC TRIALS 


Spectacular technical achievement in the surgical therapy for 
acquired heart disease has been widely acclaimed. However, 
broad application of new procedures should await the scien- 
tific scrutiny necessary to establish indications, risks and 
acceptable evidence of results in appropriate patients. Sound 
clinical trials provide this knowledge more efficiently than the 
usual more empiric and often assailable data base that has 
generally accompanied the initial application of new surgical 
interventions. Most physicians can recall operations that were 
abandoned after objective follow-up studies became available. 
In the interest of optimal patient care, research and devel- 
opment time should not be prolonged more than absolutely 
necessary. 

The misleading results of uncontrolled trials of medical and 
surgical therapy have wasted the public's money and cost the 
medical community a measure of its credibility. It is the re- 
sponsibility of the physician to improve upon the experience 
of his predecessors as well as his contemporaries. It should not 
be necessary to repeat the therapeutic errors of the past. If a 
new surgical procedure is devised, should not appropriate 
models or reliable clinical trials, or both, be made, analyzed 
and reviewed before the procedure is offered to all comers as 
if it had been so investigated? The unreliability of the initial 
individual clinical impressions of many physicians and sur- 
geons has been amply demonstrated by the need to reevaluate 
thousands of drugs and the abandonment of what were con- 
sidered efficacious surgical procedures. The freedom of phy- 
sicians and surgeons to offer newly devised, inadequately 
studied and expensive surgical procedures to the trusting, 
optimistic public is a freedom whose time for regulation has 
come. 
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The history of coronary arterial surgery demonstrates the 
advantages and disadvantages of our present system of ap- 
plication of new surgical techniques. The recent response! to 
the publication of results of the Veterans Administration 
Cooperative Study of coronary bypass surgery well illustrates 
the bias that uncontrolled trials and technical prowess sub- 
stitute for actual fact. One cannot be hypnotized by available 
skill in a difficult arena or by anecdotal evidence of well-being 
if the results of well designed unbiased trials of new forms of 
treatment are accessible. 

A responsibility of the medical community to its patients 
is to apply therapeutic skills in a reliable, realistic manner. A 
system should be devised (governmental or nongovernmental) 
to require adequate evaluation before the general adminis- 
tration of all new forms of therapy. This system of regulation 
should encourage and support innovation and minimize delay 
in application of worthy therapies. There are limits to our 
national resources and to the public's naiveté. We must justify 
new therapies, and particularly the introduction of their risks 
to those with mild or subclinical disease, with scientific fact. 
The existence of our elegant health care system as we know 
it hangs in the balance. 


William Shapiro, MD, FACC 
Cardiovascular Section 
Veterans Administration Hospital 
Dallas, Texas 
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RATE-CORRECTED PREEJECTION PERIOD 


The excellent paper by Thomas and Marks! on plasma nor- 
epinephrine in congestive heart failure made very good use 
of systolic time intervals. Their work nicely illustrates a point 
that has been the source of some debate.?? Their control 
values for preejection period plotted against heart rate showed 
low and nonsignificant correlation coefficients. In comparing 
the control state with congestive heart failure both the pre- 
ejection period and the rate-corrected preejection period 
showed equivalent prolongation in the patients with failure. 
This was not surprising. Although preejection period and 
heart rate fortuitously tend to change pari passu under a va- 
riety of influences, a very large amount of work indicates that 
changes in heart rate in themselves do not cause changes in 
preejection period and that correlation coefficients are always 
low and usually insignificant.^-1? Correcting for heart rate is 
wrong in concept and could conceal or distort the primary 
effect of whatever intervention or disease is causing them both 
to change. Indeed, the authors themselves find that heart rate 
and preejection period were not significantly related. Thus, 
it is not clear why they did in fact calculate the rate-corrected 
preejection period. Fortunately, they gave full data in Table 
III (although many mean values were misprinted). These 
comments are not meant to detract from an excellent piece 
of work. 

David H. Spodick, MD, DSc, FACC 

Department of Medicine 

University of Massachusetts 

Medical School 

Division of Cardiology 

St. Vincent Hospital 

Worcester, Massachusetts 
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REPLY 
It is clear that the preejection period was not significantly 


correlated with heart rate in our paper. As a matter of fact, we 


share the onus for reporting the rate-corrected preejection 
period with the editorial referees of The American Journal 
of Cardiology, whose editorial comments urged us to include 
the rate-corrected systolic time intervals. The rate-corrected 
preejection period was included in the final manuscript 
without any particular forethought or enthusiasm on our part. 
However, even though our group of normal subjects was rel- 
atively small, the slope of the relation between preejection 
period and heart rate, although not significant, is very close 
to that found by Weissler and his colleagues! in a much larger 
group. In the normal population it is likely that a larger group 
of subjects would have shown the same significant correlation 
found by Weissler. 

We hope that this contretemps about rate-corrected pre- 
ejection period will not detract from the primary observation 
reported in this paper, that there may be a substantial deficit 
in beta adrenergic receptor-mediated functions in patients 
with severe congestive heart failure. We thank Spodick for his 
kind remarks about this aspect of our paper and for noting the 
errors of the means in the bottom row of Table III, which were 
caused by an inadvertent shift of one column to the left of the 
proper position. 

James A. Thomas, MD 
Bernard H. Marks, MD 
Department of Pharmacology 
Wayne State University 
School of Medicine 

Detroit, Michigan 
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The aim of each program is to increase the 
theoretical and practical knowledge of the 
. normal and abnormal function of the cardio- 
- vascular system in man. Most of the programs 
. are pertinent to direct care of patients with 


hee 


art disease. The need for such programs 


_ increases with the ever increasing amount of 

scientific and clinical data, the constant 

- changes in technology and methodology, and 

_ the greater availability of therapeutic options. 

. Today most cardiologists, internists and family 

practitioners feel the need of supplementing 

_ their professional reading by direct contact 

—. with the authors, research workers and leaders 
. jn the field. 

= To solve these problems the Committee 

: selects each year series of carefully super- 


T Programs and faculty are subject to change. For further information write Mary Anne Mcinerny, Director, Extramural Programs Department, Division 
—. of Continuing Education, American College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
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vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists, educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 





of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The National Program Committee for 
Continuing Medical Education of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Borys Surawicz, MD, FACC, Chairman 
National Program Committee 





JANUARY 1979 THROUGH JUNE 1979 











Preceptorships in Cardiology. Arthur 
Selzer, FACC, director. Pacific Medical 
Center, San Francisco, Calif. 


Tenth Annual Cardiovascular Confer- 
ence at Snowmass. John H. K. Vogel, 
FACC, director and Robert F. Grover, 
FACC and Bruce C. Paton, FACC, co- 
directors. Snowmass Resort, Snow- 
mass, CO 


New Concepts in Clinical Electrocar- 
diography. William J. Mandel, FACC, 
and H. J. C. Swan, FACC, directors. 
Beverly Hilton Hotel, Beverly Hills, CA 


Cardiovascular Disease— 1979: Ad- 
vances in Diagnosis and Management. 
Kirk L. Peterson, FACC, John Ross, Jr., 
FACC, Ralph Shabetai, FACC, Allen D. 
Johnson, FACC and Gabriel Gregoratos, 
FACC, directors. Sheraton Harbor Island 
Hotel, San Diego, CA. 


Update in Cardiology. R. Joe Noble, 
FACC, director. Hyatt Regency Hotel, 
Indianapolis, IN 


Twelfth Annual Seminar. Electrocar- 
diographic Interpretation of Complex 
Arrhythmias: A Physiological Ap- 
proach. Charles Fisch, FACC and 
Douglas P. Zipes, FACC, directors. In- 
diana University Medical Center, India- 
napolis, IN 


Contemporary Management of Acute 
Myocardial Infarction by the Family 
Physician. Robert S. Eliot, director. 
Riviera Hotel, Palm Springs, CA 


APR. Consultant's Course in Cardiology. 

2-6 Michael V. Herman, FACC, director and 
Richard Gorlin, FACC, Simon Dack, 
FACC and Louis E. Teichholz, FACC, 
co-directors. Mount Sinai Medical Cen- 
ter, New York, NY 


APR. Cardiology for the Consultant: A Clin- 
2-11 ician's Retreat. E. Grey Dimond, FACC 
and James E. Crockett, FACC, directors. 
Rancho Santa Fe Inn, Rancho Santo Fe, 


CA 
APR. Management of the Patient Who Has 
3-4 Survived Acute Myocardial Infarction. 


Sylvan L. Weinberg, FACC, director. 
Stouffer's Dayton Plaza Hotel, Dayton 


OH 

APR. New Diagnostic and Therapeutic Ap- 

19-21 proaches in Cardiology 1979. Edmund 
H. Sonnenblick, FACC and James 
Scheuer, FACC, directors. Plaza Hotel, 
New York, NY 

APR. Cardiac Arrhythmias: Recognition, 

24-27 Electrophysiology and Treatment. John 
A. Kastor, FACC and Mark E. Joseph- 
son, FACC, co-directors. University City 
Holiday Inn, Philadelphia, PA 

APR. Myocardial Infarction and Other Isch- 

26-28 emic Heart Syndromes. C. Richard 


Conti, FACC, director and Carl J. Pepine, 
FACC and Leonard G. Christie, co-di- 
rectors. Innisbrook Resort and Golf Club, 


Tarpon Springs, FL 


MAY Critical Care Cardiology. Arthur Selzer, 

3-5 FACC and Keith E. Cohn, FACC, direc- 
tors. Golden Gateway Holiday Inn, San 
Francisco, CA 


MAY Ischemic Heart Disease. James E. 

3-5 Dalen, FACC, director and Thomas J. 
Ryan, FACC, Thomas W. Smith, FACC, 
Herbert J. Levine, FACC and Joseph S. 
Alpert, FACC, co-directors. Copley 
Plaza Hotel, Boston, MA 


MAY Clinical Auscultation of the Heart. W. 

9-11 Proctor Harvey, FACC, Antonio C. de 
Leon, Jr., FACC, and John F. Stapleton, 
co-directors. Georgetown University 
Medical Center, Washington, DC 


MAY A Symoosium on Cardiovascular 
18-21 Nursing. Henry J. L. Marriott, FACC, and 
Leo Schamroth, FACC, directors. 
Sherator Sand Key Hotel, Clearwater 


Beach, FL 

JUNE Cardiac Auscultation Workshops. Jules 

8-10 Constant, FACC, director. Niagara Hilton 
Hotel, Niagara Falls, NY 

JUNE Medical and Surgical Management of 

21-23 Coronary Artery Disease. M. Leo 
Hughes, Jr., FACC, director and Robert 
C. K. Riggins and Richard P. Anderson, 
co-directors. Virginia Mason Medical 
Center, Seattle, WA 

JUNE Echocardiography: Fundamentals and 

21-23 New Developments in Cardiac Ultra- 


sound. Arthur D. Hagan, FACC, director 
and Walter V. R. Vieweg, FACC and Joel 
S. Karliner, FACC, co-directors. Sher- 
aton Harbor Island Hotel, San Diego, 
CA 
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The American College of Cardiology's newest department, the Learning, a new standard of excellence in cardiovascular continuing education. ; 
Center, located at the College's Bethesda, Maryland headquarters, For additional information concerning the programs listed below or for — 

began operations last October with the offering of its first continuing a complete schedule of programs through December 1978, contact - 
medical education program for physicians with a specialty or an interest Program Coordinator, Learning Center, American College of Cardiology, - 
in cardiovascular medicine. The purpose of the Learning Center is to 9111 Old Georgetown Road, Bethesda, Maryland 20014. Telephone. : 
support the professional commitment to quality patient care by providing (301) 897-5400. ae 











JANUARY 1979 THROUGH APRIL 1979 a 
Month/Dates, Course Director Title of Program | E 
January 24-26 Victor Parsonnet, MD, FACC Current Concepts in Pacing: An Individualized Seminar Approach | 4 
January 29-31 William C. Roberts, MD, FACC Congenital Heart Disease: The Multidisciplinary Approach j d y 
February 7-9 Robert S. Eliot, MD, FACC Coronary Artery Disease: Angina and Myocardial Infarction 1 
February 15-17 J. Willis Hurst, MD, FACC Controversies About Heart Disease and Its Treatment 3 
February 19-21 Sylvan L. Weinberg, MD, FACC CCU Update for Nursing Supervisors 3 | 
. April 2-4 Samuel Kaplan, MD, FACC Non-invasive Pediatric Cardiology 4 
April 5-7 John A. Spittell, Jr., MD, FACC Peripheral Vascular Disease 3 
April 9-11 Keith E. Cohn, MD, FACC Exercise Testing a 
April 18-20 J. O'Neal Humphries, MD, FACC Coronary Care Units—15 Years Later 1 5 
April 23-25 Arthur E. Weyman, MD, FACC Cross-sectional Echocardiography 1 
April 26-28 Robert G. Tancredi, MD, FACC Pulmonary, Renal and Electrolyte Considerations in Cardiovascular Disease 1 
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THE WHOLE PAPER 


E Address manuscript to Managing Edi- 
tor, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 10019. 
Submit two copies of all elements of 
the article: text, references, legends, ta- 
bles and figures. 

Arrange the paper in this order: (1) 
t title page; (2) abstract; (3) text; (4) ref- 
erences; (5) legends; (6) tables; and (7) 
figures. 

X Number all pages in above se- 

quence, beginning with title page as 1, 
erotract as 2, etc. 

» Type all matter: (1) on 8'b X 11 
opaque white bond paper; (2) in dupli- 
cate; (3) on one side of each sheet only; 
(4) double-space; (5) leave wide mar- 
‘gins, all four sides. 


‘THE TITLE PAGE 


æ |nclude first names, degrees and, 
where applicable, FACC for all authors. 

- Provide a short running title of 3 to 6 
E words. 

A Insert at bottom: name and address 
- of institution from which work originated 
plus information about grants. 

e Add at bottom the phrase ‘‘Address 
for reprints: ..." followed by full name 
and address with zip code. 


‘THE ABSTRACT 


- « Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
- words for case reports. 

_e Add at end of abstract: list of 2 to 6 
- key words and subjects for indexing. 


- THE TEXT 


. « Type in duplicate; double-space. 

e Do not use abbreviations such as 
SVC, WPW: write out superior vena 

— cava, Wolff-Parkinson-White. 

| e Abbreviate measurements (mm, kcal 

. and the like) as recommended in the 

- Style Manual for Biological Journals, 
- American Institute of Biological Sci- 

ences, 3900 Wisconsin Avenue, N.W., 

. Washington, D. C. 

. « Cite in numerical order- every refer- 

. ence, figure and table. (Order of men- 





The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome con- 
cise articles devoted to cardiovascular disease. Articles must be contrib- 
uted solely to THE AMERICAN JOURNAL OF CARDIOLOGY and become the 
property of the Publisher. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced in any form 
without the written permission of the Publisher. Statements in articles are 
the responsibility of the authors. Authors will assist the editors in the prompt 
processing of manuscripts if these instructions are followed: 


tion in text determines the number given 
to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

e Provide concluding páge numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

e Identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 





e Give each table a number (in roman 
numerals: Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

ə Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


* Submit 2 glossy prints (not originals) 
of each photo and drawing. 

ə Please note that art work of pub- 
lished articles will not be returned. 

» Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

* Use arrows to designate special fea- 
tures. 

» Crop photomicrographs to show only 
essential field. 

ə Identify figures on back by number 
and author's name. 

» Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

» Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

e Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS, listing a// authors: 


31. Vismara LA, Vera Z, Miller RR, Mason DT: Efficacy of disopyramide phosphate in the 
treatment of refractory ventricular tachycardia. Am J Cardiol 39:1027- 1034, 1977 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: Diseases of the tricuspid valve, chap 20. 
In, Heart Disease in Infants, Children and Adolescents (Moss AJ, Adams F, ed). 
Baltimore, Williams & Wilkins, 1968, p 134 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New York, Oxford University Press, 1966, p 


26 


(Author: all book references should have specific page numbers. ) 
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One of the Most Frequently Overdiagnosed Diseases! 


This European (Rome) Symposium was the first free inter- 


B Here at last change of ideas among scientists in the various medical dis- 
i i ciplines—physiology, internal medicine, endocrinology, clin- 
S. ar objective stuay of ical biochemistry, etc.—necessary to the understanding, 
essential reactive diagnosis and treatment of hypoglycemia. The concentration 
h | definiti was on the various aspects of insulin-producing tumors and 

ypog!ycemia ... Qernivion, the vexed question of essential reactive hypoglycemia. Spe- 
recognition, pathology, cial attention was given to the widespread misinterpretation 
M g p gy of laboratory data relating to the prolonged oral glucose test 
etiology, and treatment. which has resulted in the erroneous belief that "millions 


suffer from hypoglycemia.” 
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readability and comprehension. A brief summary allowing for 
quick review precedes each article. 
rå [eia fia 135 double-column pages, 126 illustrations, figures, tables, $23.00 
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BRIEF SUMMARY OF PRODUCT INFORMATION 
BALLOON WEDGE FRESSURE CATHETERS 


Indications: For sempling blood for oxygen levels and measuring pressure 
in the right heart, includ ng central venous, right ventricular, pulmonary 

artery, and pulmonary artery wedge pressure. Also indicated in anatomicé 
cardiac defect cases to sample blood and measure pressuresin any chamb 
that can be entered from the right heart. Warning: Pulmonary artery perfo 


tion, thrombosis, segmental pulmonary infarction, transient obstruction of 
the pulmonary outflow by the inflated balloon, balloon rupture without 
serious sequelae, premature ventricular contractions, and knotting of the 
catheter have been reported as complications of the use of balloon cathe 
Balloon rupture with possible latex embolus is a potential complication in 
the use of balloon catheters. Precaution: In pressure monitoring at bedsid 
when catheter has been introduced in an antecubital vein, patient s arm 
should be immobilized tọ reduce the possibility of catheter advancement 
to arm motion 


BERMAN ANGIOGRAPHIC CATHETER 


Indications: For use in right-heart catheterization for cardiac angiography 
pulmonary angiography, and measurement of right-heart and pulmonary 
artery pressures. It can be used to inject radiopaque media and measure 
pressures in any chambers and vessels that can be entered from the right 
heart. Warnings: Anciograms should be done with balloon inflated to mini 
mize myocardial staining When injecting radiopaque media, do not excee 
stated maximum flow rate and pressure. Transient obstruction of the pul- 
monary outfiow tract, balloon rupture without serious sequelae, prematur 
ventricular contractions, and knotting of catheters are reported complicat 
of the use of balloon catheters. Balloon rupture with possible latex embol 
is a potential complication in the use of balloon catheters. Precaution: Ma 
ulate catheter carefully amd gently to avoid kinking or knotting 


BIPOLAR TEMPORARY PACING W/STYLET AND BALLOON 
TEMPORARY PACING CATHETERS 

Indications: For temporary transvenous cardiac pacing when impulse forr 
tion or conduction is impaired. Warnings: Myocardial perforation, fibrillati 
and arrhythmia, pulmonary embolism, thrombus formation, and infection 
general complications of transvenous pacing. Balloon rupture with possit 
latex embolus, vessel perforation, and intimal disruption are potential co 
plications of use of balloon temporary pacing catheters. With fhe trans- 
brachial approach, malpositioning and perforation occur more frequently 
due to arm movement. Pneumothorax, air embolism, and puneture of the 
subclavian artery have been reported with the subclavian approach. Pre- 
cautionsi Avoid kinking or bending catheter to prevent damage to interna 
wires or occlusion of inflation lumen (in balloon pacing catheter). Maintai 
insertion site with régular meticulous redressing performed with aseptic 
technique. Remove stylet from Bipolar Pacing Catheter after it is in positis 
because leaving stylet in situ increases the potential for perforation 


FOR BALLOON CATHETER USE, IN GENERAL 

General Warnings: Carbon dioxide must be used to inflate balloon if there 
a possibility that bälloon rupture would result in air embolism in the left he 
or systemic circulation. Do not inflate balloon beyond stated maximum 
inflation capacity. Exercise care when passing catheters in patients with 1g 
bundle-branch blockbecause right bundle-branch block induced by trau- 
matic catheter passage could result in complete heart block and asystole 
General Precautions: Do not use liquids as balloon-inflation media. Pass. 
catheter with continuous cardiographic monitoring and fluoroscopic gui 
ance, and confirm final tip position by X-ray. Deflate balloon prior to with- 
drawing catheter to avoid possible valve damage. Use aseptic technique 
throughout procedure All catheters are for single use only. Dœnot rester 
or reuse. Federal law (U.S.A.) restricts these devices to sale byor on the 
order of a physician. Contraindication: Not for use except as indicated 





f cardiac catheter, 
starts witha built-in tip. - 


As you can see, the Extracorporeal 
tip is smooth, tapered, unruffled, 
suture free, No wider than the 
catheter itself. The benefits are 
built-in: 

e The introducer is the same size as 
the catheter." Not larger. This 
means a smaller insertion hole 
and less likelihood of trauma and 
intimal damage. And it simplifies 
introducer selection. 

e Less blood is lost. Because the 
introducer is smaller and becouse 
the catheter fits it snugly the entire 
length of the catheter. 

e Our tapered tip has a larger 
lumen which reduces the likeli- 
hood of clotting and makes it 
easier to introduce drugs and 
dyes. 


e A smaller diameter catheter may 


be used, because a larger lumen 
also produces pressure measure- 
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be matched only by a larger- 
diameter competitive catheter. 

e The tip is suture-free, eliminating 
clotting caused by the sutures’ 
irregular surface. 


Beyond the tip, a host 

of other benefits. 

e Inflation is more convenient 
because every Extracorporeal 
balloon catheter is packaged 
with an appropriately sized 
syringe. 

* Pure platinum electrodes for 

> better electrical characteristics. 
Blood may alter the conductivity 
properties of stainless steel and 
cause inferior readings. That's 
why our balloon pacing catheters 
employ only inert platinum for 
electrodes. 

* High pressure tubing used in our 
Berman angiographic catheters 
permits higher pressures to be 
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The Extrocorpoveci B -" n tio, 
balloon deflated. 


Other manufacturer's built-on | 
fip, balloon deflated. 


when drugs or dye must be injecte 

è More sizes available. Especially in 
Berman angiographic and wedge 
pressure models. And we can 
supply custom catheters, too. 

* Even our package works hard 
for you. Each catheter comes in its 
own sterile peel-pack that stores 
easily and has a fold down tab 
for quick identification. 

e Our new brochure has all the - 
facts. Just let us know where you 
are and we'll send you one. Call 
your Extracorporeal representa- 
tive, or write or call us toll free: 
800-523-1740. 


*With one small exception—the Extracorporeal 4! 
size uses a 4-1/2 size introducer. 


extracorporeal 


Extracorporeal Medical Specialties, Inc 
Royal & Ross Roads, King of Prussia, Pa. 19406 USA 215-337-2400 
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In Europe: Extracorporeal S.A., 
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the truth is out 
in the open 


ATL offers on-line real-time 
hardcopy images with M-mode 
for echocardiography. 











Made possible by unique digital electronics. Making our Mark III an integrated 
diagnostic system, not a stack of electronic boxes. Unlike analog processing, 
the ATL Digital Scan Converter captures the signal, however weak, and stores 
it into memory. Once secured, its accurate reproduction in standard video 
format is continuously assured. Thus digitized, its wide range of grey scale 
display offers greater diagnostic utility. 

You get line and flicker free images of the moving heart, capturable in 
freeze-frame, adjacent to a sharp black on white M-mode. Same intracardiac 
structure. Printed on the same paper. The payoff is a logical integration of 
the two modes, easy to read hardcopy, easy to handle, for a clear interpretation 
| and report. 

| Doctor and system interact. Segments of the study may be dealt with and 
m perfected without disturbing the whole. Adequate data is obtainable during the first 
patient examination, saving valuable time. Serial studies are assured consistent data. 
araphics or alphanumerics can be super-imposed. Unique with the Mark IIl, voice can be recorded 
during freeze-frame. The study may be taken off line for display or computer processing. 

The ultimate payoff is tomorrow. Digital is the future. Because, with digital, growth is 

from within. State-of-the-need today, the system will grow with your needs 


and new technology. It's what the world is coming to. And, more and a 


more, the world is coming to ATL for advanced instrumentation. 
ultrasound 












Advanced Technology Laboratories. 13208 Northup Way, Bellevue, 
NA. 98005 (206) 641-5410. 


What to look 


Ease of manipulation 

during insertion 

Made of specially formulated 
polyvinvichloride with ideal 
combination of stiffness and 
pliabilitv. Body is slightly curved 


to facilitate insertion and direc- 
tional flow. Has body markings 
at 10 cm intervals, Can be seen 


bv fluoroscopy 


These are the features that 
have helped make the Edwards’ 
SWAN-GANZ Catheter from 
Edwards Laboratories the most 
widely used in the world. In 
fact, of all open heart medical 
teaching centers in the United 


Safe and secure 

Balloon secured with hand- 
wound urethane binding for 
added safety. Bushings help 
maintain lumen patency. 


States, 85% of them routinely 

use the SWAN-GANZ Catheter 

for hemodynamie monitoring. 
The reasons? 

More clinical 

experience (over 

one-half million 


Balloon integritv 

Made of natural latex and 

100% tested for inflation and 
concentricity integrity. Can 

be reinflated many times at 
recommended inflation capacity. 


Concentric shape 

Shields the tip from impinging 
the right ventricle, minimizing 
risk of cardiac arrhythmias, 
Concentricity is assured 
because hand attachment of 
balloon facilitates proper 


posi Inns 


inserted), hundreds of pub- 

lished papers in the medical 

literature, unsurpassed manu 
facturing quality 
(15 separate qua 
ity controlcheck 5), 
meticulous hand 





AAV Catheter 


Directly compatible 

with Edwards’ Cardiac 

Output Computers 
Catheter standardization No special interfacing equip- 
ment needed. Fits all models, 


Specifications printed on shaft Teu 
including new Model 9520. 


for convenience of use and quick 
identification, Size. Tvpe. Infla- 
tion capacitv. Model number. 
Color coded according to size. 
SF: white. 6F: blue. 7F: vellow. 
SF: tan, 


Proximal end thicker to 
accommodate unique adapter 
Provides extra strength to mini- 
mize possible lead breakage. 
Adapts external leads to internal 
chambers of catheter without 
damping of frequency response 


Positive closure of 
inflation lumen 

New convenient gate valve 
pri vides pí Sitive closure of 
inflation lumen to prevent 
balloon deflation. Can be 
used with one hand. 


wound construction, 100% test- on insertion, placement and Division of American Hospital 
ing, wide selection of catheter complications are described in Supply Corporation, 


types/sizes, and support by a journal reprints and technical 17221 Red Hill Avenue (Irvine) 


company dedicated to excel- data available from Edwards. P.O. Box 11150, 
lence in cardiovascular devices. Ask vour local Edwards’ Santa Ana, CA 02711, 
A complete description of lechnical Representative 714/507-8910, Cable Addres: 
SWAN-GANZ Catheters, details | for copies, or contact: EDSLAB, Telex: 68:55607 
Edwards Laboratories, 

| J EDWARDS 
|_|) LABORATORIES 
E . 
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SPECIALIST 





- Golden's Diagnostic Radiology Series 
- RADIOLOGY OF THE HEART AND GREAT 
E VESSELS 

. Third Edition 

- By Robert N. Cooley, MD, and Melvyn H. Schreiber, MD 


. This new third edition, with its complete revision, reflects the very latest 


- developments in cardiac radiology including the newest techniques of 





: cardiography and nuclear imaging. Surgical procedures as well as compli- 
= cations are discussed. For every specialist who must interpret and discuss 


roentgenograms of the heart and great vessels with the radiologist, this is 


~ important reading. 
Contents: Procedures. Angiocardiography. Contrast Substances. Equipment. 


Embryology of the heart and great vessels. Roentgenologic appearance. Measurement 


_ Of the heart and great vessels. General Symmetrical and asymmetrical cardiac en- 


largement-change in size of specific chambers-abnormal pulsations. Diseases of pul- 
monary vascular system. Rheumatic heart disease. Congenital anomalies. Hypertensive 


- heart disease. Atherosclerotic changes. Coronary arteriosclerosis. Myocardial infarction. 
_ Coronary arteriography. Cardiomyopathies. Syphilitic heart disease. Mucoid or myxoma- 
_ tous changes in cardiac valves. Tumors of the heart. The heart in systemic disease. 


Implantable cardiac pacemakers. Calcification within heart and pericardium. Trauma 
to heart and great vessels. Heart displacement. Diseases of the pericardium. Diseases 


_ of thoracic aorta and its branches. Valve replacements. Index. 


December 1978/676 pages/ 734 illustrations/ $65.00 


-. CARDIAC ARRHYTHMIAS: Self-Assessment 


By Edward Chung, MD 


A unique presentation, this extraordinary book describes the common 
cardiac arrhythmias that are most frequently encountered in daily practice. 


: - Cardiac Arrhythmias presents a 200 ECG tracings, with a short case history 


. for each to aid in the interpretation of the electrocardiogram. 
_ Contents: Sinus Arrhythmias. Atrial Arrhythmias. A-V Junctional Arrhythmias. Ventri- 


cular Arrhythmias. A-V Block. Hemiblocks, Bundle Branch Block, Bifascicular Block, Tri- 


— fascicular Block. Cardiac Arrhythmias Related to Artificial Pacemakers. Wolff-Parkinson- 


White Syndrome. Digitalis-Induced Cardiac Arrhythmias. Uncommon Cardiac 
Arrhythmias. Index. Suggested Readings. 


1977/456 pages/291 illustrations/$22.00 


PRINCIPLES OF CARDIAC ARRHYTHMIAS 


- Second Edition 


By Edward K. Chung, MD 
Since publication of the first edition, extensive advances in knowledge and 


. technique have taken place — particularly in the field of His bundle electro- 
- cardiography. Completely revised and updated with the addition of several 


new chapters, this second edition now includes this latest information, as 


- well as providing more clinical application. 


Contents: Aspects of Anatomy. Electrophysiology. and Hemodynamics. Normal Sinus 
Rhythm. Disturbances of Sinus Impulse Formation and Conduction. Atrial Arrhythmias. 
Atrioventricular Junctional Arrhythmias. Intraventricular Conduction Disturbances. 
Atrioventricular Conduction Disturbances. Ventricular Arrhythmias. Wolff-Parkinson- 


. White Syndrome. Parasystole. Atrial Dissociation. Electrical Altemans. Aberrant 


Conduction. Differential Diagnosis of Tachyarrhythmias. His Bundle Electrocardiog- 


= raphy. Management. Digitalis-Induced Arrhythmias. Electrolyte Imbalance. Acute 
_ Myocardial Infarction. Holter Monitor Electrocardiography. Cardiac Arrhythmias Related 
— to Artificial Pacemakers. Cardiac Arrhythmias Related to Various Procedures. Miscel- 


laneous Problems Related to Interpretation. Index. 
1977/770 pages/791 illustrations/$49.50 


CARDIAC EMERGENCIES 


Edited by Dean T. Mason, MD 


Through the knowledge and combined experience of thirty-four clinical 
cardiologist-investigators. Cardiac Emergencies provides the most current 
information available on the mechanisms, diagnosis, and management of the 
principle life-threatening conditions encountered in the treatment of heart 
disease. 

Contents: Cardiac Emergencies. Cardiopulmonary Resuscitation. Evaluation of Chest 
Pain. Prehospital Coronary Care. Unstable Angina Pectoris. Congestive Heart Failure 
and Cardiogenic Shock Due to Acute Myocardial Infarction. Acute Pulmonary Edema. 
Pulmonary Embolism and Infarction. Cardiac Tamponade. Syncope: Evaluation and 
Management. Hypertensive Crisis. Acute Aortic Dissection. Treatment of Tachyarrhyth- 
mias. Digitalis Intoxication. Cardiac Pacemaker Problems. Index. 


1978/408 pages/120 illustrations/$29.50 


THE LUNG: Structure, Function, Disease 


International Academy of Pathology Monograph #19 


Edited by William M. Thurlbeck, MD and Murray R. Abell, 
MD, PhD 


Major advances in cell biology, biochemistry, and the metabolic functions of 
the lung are finally given the attention that recent developments have 
shown to be crucial to a thorough understanding of pulmonary patho- 
physiology. The Lung represents material presented at the Long Course at 
the 1977 meeting of the International Academy of Pathology in Toronto. 
Contents: Ultrastructure and Cellular Function in the Distal Lung. Drug induced Lung 
Disease. Pathology of Adult Respiratory Distress Syndrome. Clinical-Patnological 
Approach to Diffuse Infiltrative Lung Disease. The Immunopathologic Basis of Hyper- 
sensitivity Pneumonitis. Recent Advances in Pneumoconiosis: The Pathologist's Role 
in Etiologic Diagnosis. Tne Cell Biology of Mucus Secretion in the Lung. Quantitative 
Morphology and Structure-Functional Correlations in the Lung. Chronic Obstructive 
Lung Disease. Bronchial Asthma. Progress in Lung Cancer. The Basis of Pulmonary 
Edema. Recent Advances in the Pathology of the Pulmonary Vasculature. The Sudden 
Infant Death Syndrome. Some Recent Advances in the Development and Pathology 
of the Newbom Infant's Lung. Miscellany. Index. 


1978/332 pages/169 figures/534.00 


Yes, please send the following: 


CJ Chung: CARDIAC ARRHYTHMIAS—Self Assessment (1573-7) 
$22.00 

L] Chung: PRINCIPLES OF CARDIAC ARRHYTHMIAS (1568-0) 
$49.50 

L] Cooley & Schreiber: RADIOLOGY OF THE HEART AND GREAT 
VESSELS (2103-6) $65.00 

O Mason: CARDIAC EMERGENCIES (0594-1) $29.50 

[] Thurlbeck: THE LUNG (8274-4) $34.00 


Name 

address 

city state zip 
All orders sent on 20-day approval. Maryland residents please add 
5% sales tax. Prices subject to change without notice. TOLL-FREE 


TELEPHONE ORDERING (9 am to 4 pm), call 1-800-638-0672: 
Maryland residents call 528-4221 collect. 


O check enclosed O bill me O VISA O Master Charge 


card * 


Williams & Wilkins, Dept. 240, 
P.O. Box 1496, Baltimore, Md. 21203 


expiration date 
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Hellige: for innovation, not imitation 


The RECOMED measuring and recording 
system contains more than 60 components. 
This exceptionally wide range of modules 
enables the assembly of individualized cardiac 
catheterization units. State-of-the-art tech- 
niques form the basis for measuring, display 
and recording. A microcomputer system cal- 
culates secondary parameters and controls 
automatic auditing. Oscilloscopes, memory- 
scopes and videoscopes are provided for 
parameter display. In accordance with IEC 
and VDE regulations, maximum patient safety 
is provided. 
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HELLIGE has been a partner to medicine 
for over 80 years. Take advantage of this wealth 
of experience. Send off for more details now. 
HELLIGE GMBH, Heinrich-von-Stephan-Str. 4 
D-7800 Freiburg im Breisgau (West Germany) 
Telephon (0761) 4011-1, Telex 7 72705 heli d 


HELLIGE [B 


PARTNERS IN MEDICINE 








Announcing 
the first comprehensive study of... 
the most fascinating syndrome 


in Cardiology... 
uy THE 


PRE-EXCITATION SYNDROME 


FACTS AND THEORIES 
Libi Sherf, MD, FACC 


THE 
PRE-EXCITATION SYNDROME: 
FACTS AND THEORIES 


„IBI SHERF, MD 
HENRY N. NEUFELD, MD 





Assoc. Professor of Cardiology, Heart Institute, Chaim Sheba Medical Center. Tel 
Hashomer, Univer. of Tel Aviv—Sackler School of Medicine, and Visiung Assoc 
Professor, Dept. of Medicine, University of Alabama 
Henry N. Neufeld, MD, FACC 

YORKE MEDICAL BOOKS Professor of Medicine and Chaim Sheba Professor of Cardiology, Chief Heart 
Institute, Chaim Sheba Medical Center, Tel-Hashomer, University of Tel 
Aviv—Sackler School of Medicine 


$33.00 SEPTEMBER 1978, 288 PAGES, 110 ILLUS. 1.000 REF. 


E. | The 13 Chapters Are a Comprehensive Summa 
E Every Cardiologist, Internist, Pediatrician, Surgeon — Indeed, Every Physi- : " - 


cian — Should Have a Good Basic Knowledge of The Pre-excitation Syn- 
drome. Here Are Just a Few Reasons Why This is so Essential: 


v3 of all pre-excitation cases are misdiagnosed. 

| 5% to 10% of all tachycardias in adults are produced by pre-excitation. 

tJ In Ve of all infants under 10 months of age with life-threatening tachycar- 
dias, the tachycardias are actually secondary to pre-excitation. 

|| Vs to V2 of all children with pre-excitation have an additional heart dis- 

ease. 


Starting with Wolff, Parkinson and White's classic paper, this book gives a 
comprehensive summary of all important facts of pre-excitation, plus the 
authors personal experiences of follow-up studies of patients through 
many decades. It also brings a broad view of the literature and discusses 
the different structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


1. General Considerations 
2. The Electrocardiogram in the Pre-excitation 
Syndrome: Complexes and Configurations 
3. The Electrocardiogram in the Pre-excitation 
Syndrome: Disturbances of Rate and Rhythm 
4. Pathology 
9. Noninvasive Methods of Investigation 
6. Invasive Methods of Investigation 
7. Prognosis 
8. Treatment 
9. Problems of Diagnosis — Some Illustrative 
Cases 
0. Summary of Findings and Theories of Pre- 
excitation Syndrome 
11. Concept of Interacting Structural and Func- 
tional Factors 


12. Explanation of Some Phenomena of the Pre- 
excitation Syndrome by the Proposed Concept 

. Various QRS Patterns in the Different Forms 
of Pre-excitation 


"What is offered richly in this book is a methodical and comprehensive analysis of 
virtually all currently available knowledge on the subject. This is done with an admirable 13 
even-handedness, dealing objectively with all viewpoints but at the same time eval- 
uating relative strengths and weaknesses of each observation and hypothesis. There is 
brought a wisdom here which only time and experience can provide. The encyclopedic 
references alone would make the book invaluable to anyone seriously interested in the 
Wolff-Parkinson- White syndrome. But when knowledgeable discussion and personal 
observations are added, it is genuinely a monumental contribution to clinical cardiology 
and cardiac electrophysiology."’ 


Thomas N. James, MD 
The Mary Gertrude Waters Professor of Cardiology 
and Chairman of the Department of Medicine, 
The University of Alabama in Birmingham, 
and Physician-in-Chief, University of Alabama Hospitals 


Obtain your copy of 

THE PRE-EXCITATION SYNDROMI 
on approval for 30 days 

by sending in 

the order form TODAY 








AJC-1/79 
[] Bill me plus cost of shipping 
[] Payment enclosed, publisher pays for shipping 
O Charge my credit card Expire date. | | 
O MasterCharge O Visa 
Card Nc. s 


New York residents add sales tax. Outside Western Hemisphere prepay ir 
U.S. funds or charge to credit card and add $5.00 per copy 





Yorke Medical Books 


666 FIFTH AVENUE, NEW YORK, N.Y. 10019 


NAME .— .— 


Please send me a copy of THE PRE-EXCITATION SYN- 
DROME at $33.00. | may use the book for 30 days and if 
not completely satisfied, return it for full credit or refund. 


ADDHESB.  .. 7, IL 


CITY n n STATE CO DEP Ln 0 eut 















Puritan Oil 
is superior in 
polyunsaturates 


| , 0 corn oil 












A practical adjunct in 
serum cholesterol control 


Puritan is the first major cooking oil made principally 

from highly polyunsaturated sunflower oil. The sun- 
flower oil gives Puritan an edgein polyunsaturate levels 
over leading corn and soybean-based oils. 


* A comparison of polyunsaturate levels of major brands 


pParita 24 
= |Soybean-based oil brands 
% 10 20 30 40 50 60 70 80 90 100 


Light flavor... 
encourages compliance at the table 


The sunflower oil also makes Puritan light tasting. In 
taste tests conducted with Puritanandcorn oil, Puritan 


Oil was selected as lighter tasting by homemakers. It 
wa 4 
ment of a major uni- 


contributes to an appealing diet for patients and 
family and thus helps enhance sustained compliance 
PURE VEGETABLE Ol. 
versity has published 
ses the results of a study! 


with your cholesterol management program. 
that evaluated a dietary . 
serum-cholesterol- 
reducing program 
which included Puritan 
Oil. The study was con- 
ducted in a family 
situation—entire families used Puritan as part 
ofatotalserum-cholesterol-reducing diet. Thedata 
showed significant decreases in serum cholesterol 
levelsamong all participating groups. Theselowered 
levels were reached within 10 days, and were main- 


tained throughout the diet modification period. 
Reference: 1. Witchi, J.C. et al., J. Am. Dietetic Assoc. 72: 384, 1978. 












Clinically tested...and proven 
within a "real life" regimen 


The nutrition depart- 





() 
100% 
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New cardiac catheterization 
Studies demonstrate 

prolonged changes for over 5 hour: 
in cardiac hemodynamics with 


PERITRATE 40-mg ORAL TABLET 


(pentaerythritol tetranitrate) 


In a randomized double-blind study of catheterized patients with congestive 
heart failure, Peritrate 40 mg demonstrated marked changes in a variety of 
hemodynamic parameters with no change in heart rate.’ 


A marked reduction in PRELOAD: Peritrate reduced pulmonary 
arterial wedge pressure for over 300 minutes. The maximum reduction was 377 
Pulmonary arterial mean pressure was also reduced for over 300 minutes. Thes\ 
manifestations of reduced PRELOAD resulted from an increase in venous 
capacitance leading to a reduction in left ventricular end-diastolic volume and 
pressure. The observed reduction in pulmonary wedge pressure indicates marke 
preload reduction. 


Peritrate effects prolonged for 5 hours 
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pulmonary arterial wedge pressure (preload) 
“Statistically significant at the 5% tevel. 





A reduction in AFTERLOAD: A significant reduction of arterial blood pressure, correlating will 
reduced AFTERLOAD, was maintained for over 300 minutes. ! 


Reduction in blood pressure for 5 hours 


“Statistically significant at the 5% level 


Peritrate actions observed Conclusions 


- Activity was prolonged for at least 5 hours. 1. The prolonged reduction in preload and 
x í 
- PRELOAD and AFTERLOAD showed a marked afieroxid reU Mo UN Ens ee 
reduction lasting at least 5 hours. expended and oxygen consumed by fhe heart. 
This reduction in oxygen demand should 
1. Klein RC, Amsterdam EA, Pratt C, et al: Sustained reduction of elevated relieve or prevent angina. 
left ventricular filling pressure in cardiac failure by oral, long-acting nitrate 


therapy. Presented at The American Federation for Clinical Research, 2. Provides a smooth onset of action without 
San Francisco, Calif, April 29-May 1, 1978. tachycardia. Unwanted effects are rare, and 
Please see following page for brief summary of prescribing information. patient compliance is excellent. 


P ERITRATE 40 mg 


(pentaerythritol tetranitrate) 


Warner Chilcott 
W C Womet AE PPE DA | 


^ 21-8 Dinin 
Morris Flains, New 
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. Sustained Action 

(pentaerythritol tetranitrate) 80 mg 


 Peritrate” 
(pentaerythritol tetranitrate) 40 mg 


How to Keep Up with 
Tc ?0 mg Drug Interaction in 
Eo Quo! NA Cancer Chemotherapy 


- CAUTION: Federal law prohibits dispensing without prescription 
Description: Fach tablet of Peritrate SA Sustained Action contains 



















^. pentaerythritol tetranitrate 80 mg (20 mg in immediate release € ex Three authorities from 
— layer and 60 mg in sustained release base). Each tablet of Peri- ET - 
— rate 40 mg contains pentaerythritol tetranitrate 40 mg. Each tab- apas a leading medical center show 
7 — let of Peritrate 20 mg contains pentaerythritol tetranitrate 20 mg 
_ Each tablet of Peritrate 10 mg contains pentaerythritol tetranitrate Gohe you how to use the most curre nt 
A 10 mg. Peritrate (pentaerythritol tetranitrate) iS a nitric acid ester sens en z 
5 of a tetrahydric alcohol (pentaerythritol) peni chemotherape Title ac ents 
E 
"| Indications: Based on a review of this drug by the National 
= Academy of Sciences—National Research Council and/or le A S YNOPSIS OF 
i other information, FDA has classified the indications as Meet P 
= Ju cer 
a "Possibly" effective: Peritrate (pentaerythritol tetrani- apes 


~ |} trate), 1s indicated for the relief of angina pectoris (pain 

S associated with coronary artery disease). It is not intended 
j to abort the acute anginal episode but it is widely regarded 
EK as useful in the prophylactic treatment of angina pectoris 
E. Final classification of the less-than-effective indications 








ae TEN At last a way to keep up with the bewildering prolifera- 
ES ERI | tion of new chemotherapeutic drugs which have 
.. Contraindications: Peritrate SA Sustained Action (pentaerythritol 1 > "d^ . 
—— tetranitrate) 80 mg and Peritrate (pentaerythritol tetranitrate) are come into use relatively recently. This just published 
E aa in patients who have a history of sensitivity to the guide will be valuable to every hospital, and every on- 
| Warning: Data supporting the use of Peritrate (pentaerythritol tet- cology specialist, general internist, clinical pharma- 
—  ranitrate) during the early days of the acute phase of myocardial : : 
Eh infarction (the period during which clinica! and laboratory findings cist, and nurse oncologist. 


are unstable) are insufficient to establish safety 








| This drug can act as a physiological antagonist to norepi- A SYNOPSIS OF CANCER CHEMOTHERAPY is a 
Neve nephrine, acetylcholine, histamine, and many other agents i : ts » 
~ Precautions: Should be used with caution m patients who have CONCISE, readily understandable how to manual. 
r Bos Tolerance to this drug. and cross-tolerance to other Developed originally for staff use at The New York 
- nitrites and nitrates may occur . $ . 
E Adverse Reactions: Side effects reported to date have been predom- Hospital Cornell Medical Center, the concept proved 
| on pae Nez Laeli requires Loa een of medica- so successful it was decided to make it available to 
~ tion) and headache and gastrointestinal distress, which are . 
; usually mild and transient with continuation of medication. In other professionals. The new users of the SYNOP- 
some cases severe. persistent headaches may occur SIS have the advantage of a proven, time-tested 
< In addition, the following adverse reachons to nitrates such as ; s I : i 
pentaerythritol tetranitrate have been reported in the literature learning system. It is written in a unique, compact 
(oooh o anor wh usang work-book style to keep reading time to a minimum 
A ib) Transient episodes of dizziness and weakness, as well as j 
E other signs of cerebral ischemia associated with postural The reader can quickly find the 
a hypotension, may occasionally develop following for both commercially 
EC (c) An occasional individual exhibits marked sensitivity to the available and investigational RICHARD T. SILVER, MD, E A.C. P., FA B.C.O. 
| E hypotensive effects of nitrite and Severe responses (nausea. drugs: oe Cncoogi Spei nat Div. Hematology Oncotóay: ae 
‘a : . È inical Professor of Medicin ) 
$ vomiting, weakness. restlessness. pallor, perspiration and ». Sthsohite College, Attending Physician, New York Hospital, Exec. 


collapse) can occur, even with the usual therapeutic doses 
Alcohol may enhance this effect 
> Dosage: Peritrate (pentaerythrito! tetranitrate) may be adminis- 


e Mechanism of Action Officer, Cancer & Leukemia Group B. 


e Pharmacokinetics R. DAVID LAUPER, Pharm D. 
Asst. Director for Ecucation and Information, Pharmacy 





p. tered in individualized doses up to 160 mg a day. Dosage can be e Toxicity Dept., New York Hospital-Cornell Medical Center 
~ initiated at one 10 mg or 20 mg tablet q.ı d. and titrated upward to e Therapy dietas: acd. MA 
E ; tabili } ; 
E. 40 mg (two 20 mg tablets or one 40 mg tablet) q.1 d. one-half hour © Availability instructor in Medicine, Cornell University Medical College 
| before or one hour after meals and at bedtime. Alternatively Peri- The chembilishabeuté aodrei | peur Chemotherapy Fellow, Div. of Hematology-Oncology. 
— trate Sustained Action 80 mg can be administered on a convenient ie Kat p + 9 js The New York Hospital 
E- main listing section cov | 
bid. dosage schedule the g 
= Supplied: Peritrate SA Sustained Action (pentaerythritol tetrani- these categories: ee M4 ES eee 
= trate) 80 mg—double-layer, biconvex, dark green/light green tab- * Alkylating Agents t 
L lets in bottles of 100 (N 0047-0004-51) and 1000 (N 0047-0004-60) © Antimetabolites Use it for 30 days--FREE 
‘in Also unit dose, package of 10 x 10 strips (N 0047-0004-11) ° Mitotic Inhibitors Refer to it for chemotherapeutic drug information for a full 
E. Peritrate (pentaerythritol tetranitrate) 40 mg—pink scored tab- * Antibiotics month. Then keep the book only if you want it for permanent 
— — Jets in bottles of 100 (N 0047-0008-51) e Miscellaneous (includes such reference. Otherwise simply return it and owe nothing. You 
| e Peritrate (pentaerythritol tetranitrate) 20 mg—light green, drugs as Mithramycin, have nothing to lose and a whole world of valuable life-saving 
scored tablets in bottles of 100 (N 0047-0001-51) and 1000 Mitotane, etc.) knowledge to gain. Order right now! 


(N 0047-0001-60) Also unit dose, package of 10 x 10 strips 
(N 0047-0001-11) 
Ne Peritrate (pentaerythritol tetramirate) 10 mg—light green, 
unscored tablets in bottles of 100 (N 0047-0007-51) and 1000 

= (N 0047-0007-60). 
STORE BETWEEN 59° and 86° F (15° and 30° C). 
— Animal Pharmacology: In a series of carefully designed studies in 
pigs, Peritrate (pentaerythritol tetranitrate) was administered for 
48 hours before an artifically induced occlusion of a major coro- 
nary artery and for seven days thereafter The pigs were sacrificed 
.. at various intervals for periods up to six weeks. The result 

- showed a significantly larger number of survivors in the drug- 
treated group. Damage to myocardial tissue in the drug-treated 
survivors was less extensive than in the untreated group. Studies 
in dogs subjected to oligemic shock through progressive bleeding 
have demonstrated that Peritrate (pentaerythritol tetranitrate) is 


YORKE MEDICAL BOOKS 
666 Fifth Ave., New York, N.Y. 10019 eS 


YES! Please send me a copy of ASYNOPSIS OF CAN- 
CER CHEMOTHERAPY at only $16.00. | may use the 
book for 30 days and if not completely satisfied, return it 
for full credit or refund. 





O Payment enclosed, publisher pays shipping cost. 
O Bill me plus cost of shipping 























vasoactive at the postarteriolar level. producing increased blood Name 
flow and better tissue perfusion. These anima! experiments can- 
. . hot be translated to the drug's actions in humans 
- .. Full information is available on request Address 
F Warner/Chilcott 
E. Division, City State Zip 
E Warner-Lambert Company New York State residents add applicable sales tax. 
P Morris Plains, N.J 07950 PE-GP-82 wR cts u— — — ——X CUE — a-— GHEE -—— A— d quem md 
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SUBSIDIARES 


COMMISSARIAT A L'ENERGIE ATOMIQUE SORIN BIOMEDICA 

LABORATOIRE DES PRODUITS BIOMEDICAUX GRUPPO RADIOCHIMICA 

B.P. N. 21- 91-190 GIF-SUR-YVETTE - FRANCE 13040 SALUGGIA (VERCELLI) - ITALIA 
Tel. 941.80.00 Telex: 692431 Tel. (0161) 48155 - TELEX 20064 SORINSAL 
EUROTOPE SERVICE Ltd. ISOTOPEN DIENST WEST CIS RADIOPHARMACEUTICALS Inc. 
REX HOUSE EINSTEINSTRASSE 911 5, DE ANGELO DRIVE 

354 BALLARDS LANE 6072 DREIEICH BEI FRANKFURT/MAIN BEDFORD MASS. 01730- USA 
NORTH FINCHLEY, LONDON, N12 OEG-GB — GERMANY 
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Today clinical diagnosis has attained high 
quality standards. 

We feel, however, that goals are made to be 
overcome. That's why our RIA kits provide you with 
not only a series of data, but also the necessary 
accompaniments: accuracy, sensitivity, precision, practicality 

For example, our kits for cardiological 
diagnosis. In fact, an early diagnosis of cardio- ischemia 
may play a very important role in its treatment. 

CIS offers two new tests: Diagnosis of heart 
attacks and possible relapses, MYOK (kit for myoglobin 
radioimmunoassay). 

Correct digitalis treatment, DIGOCTK 125 
kit for digoxin radioimmunoassay, with iodinated 
tracer, in coated tube). 
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Doctor, your message was clear 


You said, “Modernize Holter ECG 
concepts. End soaring costs. Build reliable, 
technician oriented equipment. .. easy to 
operate, time-saving playback systems. 
Really solve the service problem. Utilize 
micro-processor technology. Produce equipment systems 
that offer building block capability, cost-saving multiple: 
usage, and obsolescence protection. Do something about 
equipment compatibility among manufacturers. And, above: 
all, lef's get and keep an educational dialogue going.” 








Doctor, AdvanceMed heard you talking. Here's what we did. 


We went with micro-processor technology. Thus producing, 
the only complete family system of Holter equipment. Our 
building block approach allows you to start with Holter 
scanning, and add stress testing later. More important, if 
allows you to update for tomorrow's technology. Today you: 
can choose a reel-to-reel only system, cassette only, or have: 
them both in one system. We offer 120 to 4 and 60 to 4 
scanning speeds. One minute 20 second ECG 
memory. A believable Ectopic Analyzer. 
No-charge Training Programs. And 401 local 
service centers nation-wide. 


Now, the bottom line. Our Techni-Scan 7400 
(Reel-to-Reel) with Ectopic Analyzer and 
Computer Digital Print Out sells for $24,950. The 
Comparable analog scanner offered by our 
competition sells for around $20,000 more. 





We call that an AdvanceMent in Holter 

Monitoring. In the right direction. We ask you: 

to compare. Then call AdvanceMed at 

(714) 751-1824 or write us. 17346 Eastman, Irvine, CA 92714, 
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found to be h perlipidemic 
in recent stu y! 

Lipid abnormalities are often part of a broader 
clinical picture. For example, a recent study' 
reports an association between hypertension and 


hypertriglyceridemia—the most common form of 
hyperlipidemia. (See table below.) 
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Incidence of Hyperlipidemia 


Type of Hypertensives Normotensives 
Hyperlipidemia* (89 subjects) (89 subjects) 
Type IIA 9% (8) 7% (6) 
Type IIB 6% (5) 3% (3) 
Type IV 26% (23) 11% (10) 
Total 41% (36) 21% (19) 


Hyperlipidemia was diagnosed when cholesterol levels exceeded 282 mg% 
and /or triglycerides were over 177 mg%—Ccutoff points higher than the usual 
upper limits of normal! 

Adapted from Thomas. G. W., et al.' 


The essential measurements— 
cholesterol and triglycerides 


Today, lipid determinations are recommended as 
part of every general medical examination. 


Because elevated lipids may coexist with high 
blood pressure, it is especially important to screen 
hypertensive patients for hyperlipidemia. Testing 
for both cholesterol and triglycerides is considered 
essential,2-5 since it increases the chances of 
detection from 6 out of 10 to 9.5 out of 10.9 


AN IMPORTANT NOTE: It has not been established 
whether the drug-induced lowering of serum cholesterol or 
lipid levels has a detrimental, beneficial, or no effect on the 


morbidity or mortality due to atherosclerosis or coronary 
heart disease. Several years will be required before current 
investigations will yield an answer to this question. 
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Proved effective in study after study 


In clinical studies involving patients with 
drug-responsive hyperlipoproteinemia, diet plus 
ATROMID-S (clofibrate) lowered serum cholesterol 
levels from 22% to as much as 52% and reduced 
triglyceride values over a range of 19% to 8096.7"? 


Patient acceptance is generally good 


In more than a decade of use, clofibrate has been 
generally well tolerated. Major adverse effects 

are primarily gastrointestinal, with nausea being 
predominant. Other G.I. reactions include loose 
stools, flatulence, abdominal distress, and, 
infrequently, gallstones. Less common reactions 
include muscle cramping, myalgia, and alopecia. 
Please see "Important Note” at left and Warning on i 
concomitant anticoagulant usage in prescribing RS 
information on following page. 


The most widely prescribed antilipemic agent | 


Atromid-S Ayerst| | 


clofibrate) 


See next page of this advertisement for prescribing information. — — 
4 





CEY X41 
113 1 
, u KANI 


o WIN 










A. 


"o 

` . a 
VR 

2 ^ 


. 


xe A na fR ZI DP 
VU Uie. ero xo me ts 2 


















E p 
ARM 
Hd "^d 


Atr id-S (clofibrate 
2 capsules bid. 


| BRIEF SUMMARY 

(For full prescribing information, see package circular.) 
_ ATROMID-S* Brand of clofibrate 
_ Antilipidemic agent for reduction of elevated serum lipids 


.. INDICATIONS: ATROMID-S is indicated as adjunctive therapy in patients who do not 
— respond adequately to diet and other measures for the reduction of elevated serum 
_ cholesterol (especially the beta lipoprotein fraction) and/or triglycerides. Clofibrate ap- 
_ pears to have a greater depressant effect on the very low density lipoproteins (S, 20- 


. 400) rich in triglycerides than the low density lipoproteins (S¢ 0-20) rich in cholesterol. 


- ATROMID-S is also indicated for treatment of patients with xanthoma tuberosum asso- 
E ciated with hyperlipidemia. The skin lesions frequently regress with clofibrate. 


__ It has not been established whether the drug-induced lowering of serum cholesterol or 
- lipid levels has a detrimental, beneficial, or no effect on the morbidity or mortality due to 
- atherosclerosis or coronary heart disease. Several years will be required before current 
investigations will yield an answer to this question 


_ CONTRAINDICATIONS: Clofibrate is contraindicated in pregnant women. While 
teratogenic studies have not demonstrated any effect attributable to clofibrate, t is known 
- that serum of the rabbit fetus accumulates a higher concentration of clofibrate than that 
found in maternal serum, and it is possible that the fetus may not have developed the 
. enzyme system required for the excretion of clofibrate 


-Itis contraindicated in lactating women since it is not known if clofibrate is secreted in the 
milk. 


It is contraindicated in patients with c'inically significant hepatic or renal dysfunction. 


d Itis contraindicated in patients with primary biliary cirrhosis since it may raise the already 
. elevated cholesterol in these cases. 


WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE 
_ GIVEN IN CONJUNCTION WITH ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT 
- SHOULD BE REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL 
-. CASE) TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE 
-— ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE PROTHROMBIN 
LEVEL HAS BEEN STABILIZED. 


. Strict birth control procedures must be exercised by women of childbearing potential. 
__ In patients who plan to become pregnant, clofibrate should be withdrawn several 
. months before conception. Because of the possibility of pregnancy occurring despite 
birth control precautions in patients taking clofibrate, the possible benefits of the drug 
to the patient must be weighed against possible hazards to the fetus. 
Administration of clofibrate to mice and rats in long-term studies at eight times the human 
dose resulted in a higher incidence of liver tumors than in controls. Lower doses were not 
studied. Although the relevance of this finding to humans is not known at this time, it can- 
not be dismissed especially since tris drug is intended for long-term adminis- 
tration. ATROMID-S should be used only in patients with hyperlipidemia who do not 
— respond adequately to dietary intervention. 


_ PRECAUTIONS: Before instituting therapy with clofibrate, attempts should be made to 
_ contro! serum lipids with appropriate dietary regimens, weight loss in obese patients, 
‘control of diabetes mellitus, etc 


.. Because of the long-term administration of a drug of this nature, adequate baseline 
P - Studies should be performed to determine thatthe patient has significantly elevated serum 
lipid levels. Frequent determinations of secum lipids should be obtained during the first few 
. months of ATROMID-S administration, and periodic determinations thereafter. The drug 
b should be withdrawn after three months if response is inadequate. However, in the case of 
.. xanthoma tuberosum, the drug should be employed for longer peice (even up to one 
_ year) provided that there is a reduction in the size and/or number of the xanthomata. 
9. Subsequent serum lipid determinations should be done to detect a paradoxical rise in 
- serum cholesterol or triglyceride levels. Clofibrate will not alter the seasonal variations 
. of serum cholesterol peak elevations in midwinter and late summer and decreases in 
fall and spring. If the drug is discont nued, the patient should be placed on an 
appropriate hypolipidemic diet, and his serum lipids should be monitored until 
stabilized, as a rise in these values to or above the original baseline may occur. 
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j be periormed since the drug may produce abnormalities in these- 
nese effects are usually reversible when the drug is discontinued. Hepatic - 
biopsies are usually within normal limits. If the hepatic function tests steadily rise or show - 
excessive abnormalities, the drug should be withdrawn. Therefore use with caution in 

those patients with a past history of jaundice or hepatic disease. 


Clofibrate may produce “flu like” symptoms (muscular aching, soreness, cramping). The 
physician should differentiate this from actual viral and/or bacterial disease. 


Use with caution in patients with peptic ulcer since reactivation has been reported. 
Whether this is drug-related ss unknown. i 


Complete blood counts shouid be done periodically since anemia, and more frequently, 
leukopenia have been reported in patients who have been taking clofibrate. 


Various cardiac arrhythmias have been reported with the use of clofibrate. 


Several investigators nave ebserved in their studies that clofibrate may produce a 
decrease in cholesterol linoleate but an increase in palmitoleate and oleate, the latter 
being considered atherogenic in experimental animals. The significance of this finding 
is unknown at this time. 


ADVERSE REACTIONS: Of the pertinent reactions, the most common is nausea. Less 
frequently encountered gastrointestinal reactions are vomiting, loose stools, dyspepsia, 
flatulence, and abdominal distress. Reactions reported less often than gastrointestinal 
ones are headache, dizziness, and fatigue; muscle cramping, aching, and weakness; skin 
rash, urticaria, and pruritus; dry brittle hair, and alopecia. 


The following reported adverse reactions are listed alphabetically by systems: 


Cardiovascular 
Increased or decreased angina 
Cardiac arrhythmias 
Both swelling and phlebitis at site of xanthomas 


Dermatologic 
Skin rash 
Alopecia 
Allergic reaction including urticaria 
Dry skin and dry brittle hair 
Pruritus 


Gastrointestinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, flatulence, abdominal distress) 
Hepatomegaly (not associated with hepatotoxicity) 
Gallstones 
Vomiting 
Stomatitis and gastritis 
Genitourinary 
Impotence and decreased libido 
Findings consistent with rena! dysfunction as evidenced by dysuria, hematuria, pro- 
teinuria, decreased urine output. One patient's renal biopsy suggested "allergic 
reaction." 
Hematologic 
Leukopenia 
Potentiation of anticoagulant effect 
Anemia 
Eosinophilia 


Musculoskeletal 
Myalgia (muscle cramping, aching, weakness) 
“Flu like" symptoms 
Arthralgia 

Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 


Miscellaneous 
Weight gain 
Polyphagia 
Laboratory Findings , 
Abnormal liver function tests as evidenced by increased transaminase (SGOT and 
SGPT), BSP retention, and increased thymol turbidity 
Proteinuria 
Increased creatine phosphokinase 


Reported adverse reactions whose direct relationship with the drug nas not been 
established: peptic ulcer, gastrointestinal hemorrhage, rheumatoid arthritis, tremors, in- 
creased perspiration, systemic lupus .erythematosus, blurred vision, Gynecomastia, 
thrombocytopenic purpura. 

DOSAGE AND ADMINISTRATION: /nitial: The recommended dosage for adults is 2 g 
daily, in divided doses. Some patients may respond to a lower dosage. 


Maintenance: Same as for initial dosage. 
Note: In children, insufficient studies have been done to show safety anc efficacy. 


DRUG INTERACTIONS: Caution should be exercised when anticoagulants are given in 
conjunction with ATROMID-S. The dosage of the anticoagulant should be reduced usually 
by one-half ape on the individual case) to maintain the prothrombin time at the 
desired level to prevent bleecing complications. Frequent prothrombin determinations are 
advisable until it has been definitely determined that the prothrombin level has been 
stabilized. 


MANAGEMENT OF OVERDOSAGE: While there has been no reported case of overdos- 
age, should it occur, symptomatic supportive measures should be taken. 


HOW SUPPLIED: ATROMID-S—No. 243—Each capsule contains 500 mg clofibrate, in 
bottles of 100. 

References: 1. Thomas, G. W. et ai.: Br. Med. J. 2:805 (Sept. 24) 1977. 2. Ahrens, E. H., 
Jr: Ann. Intern. Med. 85:87 (July) 1976. 3. Council on Foods and Nutrition: J.A.M.A. 
222:1647 (Dec. 25) 1972. 4. Scheig, R.: Conn. Med. 39:71 (Feb.) 1975. 5. Letters to the 
Editor: Current foris (July) 1977, Ve 15. 6. Fredrickson, D. S., et al.. in Holmes, 
W. L., Carlson, L. A., and Paoletti, R. (eds.): Drugs Affecting Lipid Metabelism, vol. 4, 
New York, Plenum Press, 1969, p. 314. 7. Brown, H. B., Lewis, L. A., and Pags, I. H.: Clin. 
Pharmacol. Ther. 17:171 (Feb.) 1975. 8. Gelfand, M. L., and Garbor, M.: Exhibit, Ameri- 
can College of CAEDE Meeting, New Orleans, La., Feb. 21-Mar. 1, 1970 9. Zelis, R., 
etal.: J. Clin. Invest. 49:1007 (May) 1970. 10. Levy, R. l., etal.: Ann. Intern. Med. 77:267 
(Aug.) 1972. 11. Berkowitz, D.. J.A M.A. 218:1002 (Nov. 15) 1971. 12. Lorenzo, E. M., 
etal.: Curr. Ther. Res. 22:147 (July Sect. 2) 1977. 
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FREEPORT, TEXAS 





four confidence in Intermedics is 
is important to us as your patient's 
sonfidence is to you. That's why 
ve want you to know about the 
nterLith'", chosen around the 
vorld as one of the most reliable 
)acemakers available. 
Intermedics supports the out- 
standing reliability of the InterLith, 
and will allow a replacement 
»n model 223 generators * which 
ail for any reason during the life- 
lime of the original user. 


Extensive use has confirmed the 
»utstanding performance and re- 
iability ofthe InterLith. In addition 
O its proven reliability the InterLith 
Jas significant features which 
nake it an especially fine choice 
as a replacement pacemaker, one 
deserving of your confidence. 
Confidence begins with 
extraordinary design features. 
^ tungsten inert gas (TIG) welding 
echnique is used to hermetically 
seal the InterLith in a 316L stain- 
ess steel enclosure that prevents 
noisture leakage. A specially de- 
signed polycrystalline ceramic 
eedthrough seal, utilizing a 
39.9996 pure platinum conductor, 
makes the electrical connection to 
he pulse generator. The high col- 
ar design of the feedthrough 
minimizes fluid leakage in the 
?arsh environment of the human 
pody. 

In addition, the InterLith is one of 
the smallest, lightest pacemakers 
on the market. Its corners are gently 
rounded, much as the contours of 
the patient's own body, minimizing 
the risk of pressure necrosis. The 
Unipolar model weighs only 75 
grams and measures 6.0 cm by 4.6 
cm by 1.5 cm, enabling a smaller 
incision and a more cosmetic 
pocket for greatest patient comfort. 


*The Patient Lifetime Replacement Agree- 
ment is limited to the standard model #223-01 
and model #224 -01 pulse generators and 
does not include the 223-02 (High Output) 

or the 223-04 (Telemetry) or the 223A (Wide 
Pulse Width) pulse generators. Consult the 
physician's handbook for these “special” 
pacemakers for their specific patient re- 
placement agreements. 


Confidence increases with 
superior performance. 
Sophisticated state-of-the-art 
technology in pacemaker electronics 
gives the InterLith an outstanding 
theoretical longevity in excess of 14 
years. The InterLith's overall failure 
rate of less than 0.003 is attributable 
to the outstanding longevity of its 
Catalyst Research Corporation 
(CRC) series 802-23 lithium-iodine 
power cell. There have been no fail- 
ures of this power source in the his- 
tory of the InterLith 223. The power 
source combined with the proven re- 
liability of CMOS circuitry provides 
superior performance at the lowest 
possible power consumption. 
Quality control ensures 
confidence. 

Every component utilized in the 
InterLith is selected and tested to 
meetthe same standards as in the 
most exacting aerospace and mili- 
tary applications. Every step of the 
manufacturing process at Inter- 
medics is subjectto rigid quality 
assurance procedures in our 
complete environmental testing 
laboratory, because at Inter- 
medics we believe only the high- 
est quality products can merit your 
confidence. Some of the high re- 
liability screening steps that our 
pacemakers receive in manufac- 
turing are: 

1. Twenty-four hour dynamic 
temperature cycling from —30° to 
+80° C. 

2. Vibration testing at .1" dis- 
placement and 10 g's from 20 HZ 
to 2 KHZ. 

3. Strip chartrate recording from 
room temperature to 60?C. 

4. Hermetic seal testing to 4 x 

10 8 atm. cc/sec. 








The InterLith has been designed 
and built to merit your confidence. 


So, the next time one of your pa- 
tients requires pacing therapy why 
not select the InterLith. Where relia- 
bility counts, there’s no better 
choice. 


v- Intermedics Inc. 


PO. Box 617 
Freeport, Texas 77541 





Qur business is life. 


INTERMEDICS PULSE GENERATORS 


INDICATIONS FOR USE Implantable cardiac pulse n 
generators may be indicated for long-term treatment of 
impulse formation and conduction disorders resulting 

in symptomatic bradyarrhythmias, tachyarrhythmias, m. 
and heart block unresponsive to drug therapy. E 


3 
PRECAUTIONS Implanted pacemakers have a finite E 
and relatively widely variable service life as a result of u- 
factors such as the initial capacity of the battery and "T 


the shelf storage time of the manufactured pacemaker; 
variations in electrode system resistances, stimulation 
rate, and the percentage of time the implanted . 
pacemaker is inhibited; and random electronic com- f 
ponent failures. "X. 

Pacemaker operation can be influenced by electric, 
magnetic, or electromagnetic energy mimicking nor- E 
mal cardiac activity. In addition, certain environmental 
sources can couple sufficient energy into a pacemaker 
system to damage the pulse generator. Specifically, 
diathermy should not be used on pacemaker patients 
because of possible total inhibition of the pulse 
generator; electrocautery can inhibit and/or damage 
the pacemaker as well as cause burns or possible ven- 
tricular fibrillation; defibrillation can damage the 
pacemaker, and the presence of the pacemaker may 
cause increased cardiac muscle damage from defibril- 
lation. Certain electrical and gasoline-powered 
appliances can cause inhibition of an implanted 
cardiac pacemaker system. 

For complete precautions, see the Physician's 
Manual for the Intermedics cardiac pulse generator 
tobe used. 


CONTRAINDICATIONS AND SIDE EFFECTS 
There are no known contraindications to the use of 
pacemakers as a medical method for control of heart 
rate. Body rejection phenomena, local tissue reaction 
or skin necrosis, muscle and nerve stimulation, em- 
bolism, and cardiac tamponade have been.reported. 





InterLith is a trademark 
of Intermedics, Inc., Freeport, Texas. 


51978 Intermedics, Inc., Freeport, Texas 77541 
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= (spironolactone 25 mg./ 
-- . hydrochlorothiazide 25 mg.) 


A 






| WARNING 
- | Spironolactone, an ingredient of Aldactazide, has been shown to be a tumorigen in 
. . | Chronic toxicity studies in rats (see Warnings). Aldactazide should be used only in 
- . | those conditions described in the Indications section of the complete prescribing infor- 
— | mation. Unnecessary use of this drug should be avoided. 
- |  Fixed-dose combination drugs are not indicated for initial therapy of edema or hyper- 
: | tension. Edema or hypertension requires therapy titrated to the individual patient. If the 
[| fixed combination represents the dosage so determined, its use may be more conven- 
= | ient in patient management. The treatment of hypertension and edma is not static, but 
. . | must be reevaluated as conditions in each patient warrant. 
ES c 
ET. 
1 3 .. Contraindications: Anuria, acute renal insufficiency, significant impairment of renal 
3 - function, hyperkalemia or acute or severe hepatic failure. Allergy to thiazide diuretics or 
. . toofher sulfonamide-derived drugs. 
ES .. Warnings: Excessive potassium intake may cause hyperkalemia. Potassium supple- 
= ments should not be given with Aldactazide. Do not administer concurrently with other 
EL. T potassium-sparing diuretics. Sulfonamide derivatives including thiazides have been 
- .. reported to exacerbate or activate systemic lupus erythematosus. 
Spironolactone has been shown to be a tumorigen in chronic toxicity studies in rats. In 
..... ene study using 25, 75 and 250 times the usual daily human dose (2 mg./kg.) there 
|... Was Q statistically significant dose-related increase in benign adenomas of the thyroid 
- .. and festes. In female rats there was c statistically significant increase in malignant 
.. mammary tumors at the mid-dose only. In male rats there was a dose-related increase 
. in proliferative changes in the liver. At the highest dosage level (500 mg. /kg.) the range 
= of effects included hepatocytomegaly, hyperplastic nodules and hepatocellular car- 
... einomg; the last was not statistically significant. 
a Precautions: Patients should be carefully evaluated for possible disturbances of fluid 
D . and electrolyte balance. Hyperkalemia may occur in patients with impaired renal func- 
. .. fion or excessive potassium intake and can cause cardiac irregularities which may be 
TM fatal. Hypokalemia may develop as a result of profound diuresis, particularly when 
- .Aldactazide is used concomitantly with loop diuretics, glucocorticoids or ACTH. Transient 
L . elevation of BUN may occur. Dilutional hyponatremia or rarely low-salt syndrome may 
ÀE develop. Gynecomastia may develop and in rare instances some breast enlargement 
T. .. may persist. 
~ Thiazides may alter the metabolism of uric acid and carbohydrates with possible 
-. . hyperuricemia, gout and decreased glucose tolerance. Vascular responsiveness to 
E. norepinephrine is reduced. Thiazides may also increase the responsiveness to tubo- 
. . eurarine. Thiazides may decrease serum PBI levels and prolonged therapy may induce 
hypercalcemia and hypophosphatemia. 
= Spironolactone may and hydrochiorothiazide does cross the placental barrier. Use in 


















r .. pregnant women requires that the anticipated benefit be weighed against possible haz- 
E . ards to the fetus. Breast feeding should be discontinued when Aldactazide is being used. 
~ Adverse Reactions: 

- . . Associated with spironolactone: Gynecomastia is observed not infrequently. Gas- 
; es frointestinal symptoms including cramping and diarrhea, drowsiness, lethargy, head- 


D 


= ache, maculopapular or erythematous cutaneous eruptions, urticaria, mental confusion, 


- drug fever, ataxia, inability to achieve or maintain erection, irregular menses or amenor- 


<n! v 


. . rhea, postmenopausal bleeding, hirsutism and deepening of the voice. Carcinoma of the 


-" . breast has been reported but a cause-and-effect relationship has not been established. 

 . . _ Associated with thiazides: Gastrointestinal symptoms (anorexia, nausea, vomiting, 

- . diarrhea, abdominal cramps), purpura, thrombocytopenia, leukopenia, agranulocy- 
. fosis, dermatologic symptoms (cutaneous eruptions, pruritus, erythema multiforme), 
~ paresthesia, acute pancreatitis, jaundice, dizziness, vertigo, headache, xanthopsia, 

= photosensitivity, necrotizing angiitis, aplastic anemia, orthostatic hypotension, muscle 

= spasm, weakness and restlessness. 

a 5 ... Adverse reactions are usually reversible upon discontinuation of Aldactazide. 


E] Searle & Co. 
AES San Juan, Puerto Rico 00936 


f 
~< 


Y S Address medical inquiries to: 
.. G. D. Searle & Co. 
—. Medical Communications Department 
... Box 5110 
. . Chicago, Illinois 60680 818-1 
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WANT FASTER SERVICE? 


If you... Change your Address? 


_.. Need Information? 
ATTACH YOUR PRESENT ADORESS LABEL BELOW 


| 






AFFIX LABEL 


if you have a new address please print it 
below. You MUST include your ZIP ccde. Post 
Off ce rules wil! not permit us to send your 
magazine to you without it. 
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Clip this entire form and attach it to any other 
correspondence you may have for us and mail 
165... 7 
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Flexibility in 

capturing the event 
Whether you freeze and store a 

elected trace for study, perma- 

nently record the frozen trace, or 
generate an immediate hard- 
copy of all three channels, you 
need never miss data again. 
Simple pushbutton controls and 
a special non-fade monitor 
channel let you change modes 
at any time in the test, and for as 
iong as you want. And for later 
reading convenience, a down- 
ward shift of the baseline makes 
all recordings of frozen trąces 
easy to spot. 


Flexibility in 
recording 


Select the standard 2-speed paper 
drive, 4- or 8-speed options, or a 
special 8-speed drive with auto- 
change facilities that let you 
record at paper- saving crawl 
speed (1/10 of regular speed) 
between test program recordings. 


Cambridge Instrument Company, Inc. 


first in electrocardiography 


You get it with 

the STS- Ill... 

The only 9- Channel 
Stress Test System 
with all five 
advantages. 


3 Flexibility in 

test programming 
Accommodate Bruce, Balke or 
other protocols up to 12 stages, 
or get repeatable hands-off con- 
tro! for two 6-stage tests with a 
plug-in program cartridge you 
can reprogram at a later date. 
More choices: use the Test Pro- 
grammer to preset recordings at 
the end of each stage or at one- 
minute intervals, or initiate 
recordings manually. 


Flexibility in 
multiple-use 
economy 


Heart of the STS-III is a state-of- 
the-art ECG recorder that can be 
easily disconnected and rolled 
away for routine use on the 
floor, in CCU, ICU and ER. 
Heart-sound/pulse-wave or 
computer phone terminal 
options can also be added 

for still more diagnostic 

power in the future. 


Flexibility in 

modular expansion 
Designed with interchangeable 
modular components, the STS-II| 
lets you buy basic now, upgrade 
later. Two types of monitor, manual 
or automatic test controls, even a 
choice of three treadmills are avail- 
able for assembly in a variety of 
configurations to suit your space, 
budget or technical needs. 


For full information on the 
ultra-flexible STS-III 3-channe! 
stress test system, write or call for 
details today. 


Cambridge Instrument Company, Inc. 
73 Spring Street, Ossining, NY 10562 
Tel.: (914) 941-8100 / (212) 931-2100 





For ventricular arrhythmias. 
For atrial arrhythmias. 


For smooth, trouble-free conversion. 


For steady maintenance. 


o Greater GI tolerance 
than with quinidine sulfate 
O Full quinidine cardiodynamics 
O Convenient b.i.d. or t.i.d. dosage 
for most patients 


CARDIOQU!N Tablets (quinidine polygalacturonate) are indi- 
cated in the treatmert of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhvthm 
— whether with CARDIOQUIN Tablets or electroconversion - - 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and permits dependable 
absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical 
Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidin 
polygalacturonate) are indicated in the treatment of: premature atri; 
and ventricular contractions; paroxysmal atrial tachycardia; paroxy: 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillatior 
established atrial fibrillation when therapy is appropriate; paroxysm: 
ventricular tachycardia when not associated with complete hear 
block; maintenance therapy after electrical conversion of atrial fibri 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses an 
abnormal rhythms due to escape mechanisms should not be treate 
with quinidine. WARNING: In the treatment of atrial flutter reversio 
to sinus rhythm may be preceded by a progressive reduction in th 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidin 
polygalacturonate 275 mg.) is equivalent in quinidine content to . 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosag 
must be adjusted to individua! needs, both for conversion and main 
tenance. An initial dose of 1 to 3 tablets may be used to terminat 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythr 
is not restored after 3 or 4 equal doses, the dose may be increase 
by ¥2 to 1 tablet (137.5 to 275 mg.) anc administered three to fou 
times before any further dosage increase. For maintenance, on 
tablet may be used two to three times a day; generally one table 
morning and night will be adequate. SUPPLIED: Uncoated, score 
tablets in bottles of 100. 
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Right Ventricular Infarction 
Natural History of Marked Left Axis Deviation 
Therapy of Ventricular Tachycardia 
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OF HYPERTENSIVES 
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MORE OR OTHER THERAPY 
THAN ATHIAZIDE... 





AB : 900 mg, 250 mg, and 125 mg 


ALDOMET uc. popivsp 


IS LOGICAL THERAPY 
OR THE VAST MAJORITY 


No one antihypertensive agent is appropriate and sideration, such as children or those with renal 
effective for all patients, and ALDOMET* (Methyldopa, impairment (see Prescribing Information for details 
MSD) is no exception. But it is logical therapy for a wide on dosage). 

range of hypertensives. Logical because it lowers blood ALDOMET (Methyldopa, MSD) is contraindicated 
pressure apparently by lowering peripheral resistance— in active hepatic disease, hypersensitivity to the drug, 


hile cardiac output is usually maintained. and if previous methyldopa therapy has been 
Highly effective in mild, moderate, or severe hyper- associated with liver disorders. 

ension, ALDOMET is useful when there has been an It is important to recognize that a positive Coombs 
inadequate response to initial thiazide therapy, or as test, hemolytic anemia, and liver disorders may occur 
initial therapy when thiazides are inappropriate or with methyldopa therapy. The rare occurrences of 

ontraindicated (for example, when the patient is hemolytic anemia or liver disorders could lead to 
hypersensitive to sulfonamide-derived drugs). It is potentially fatal complications unless properly recog- 
also appropriate for many hypertensive patients for nized and managed. For more details, please see the 

hom the selection of a drug requires special con- brief summary of prescribing information. 
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Contraindications: Active hepatic disease, such as 
acute hepatitis and active cirrhosis; if previous 
methyldopa therapy has been associated with liver 
disorders (see Warnings); hypersensitivity. 
Warnings: It is important to recognize that a 
positive Coombs test, hemolytic anemia, and liver 
disorders may occur with methyldopa therapy. The 
rare occurrences of hemolytic anemia or liver 
disorders could lead to potentially fatal complica- 
tions unless properly recognized and managed. 
Read this section caretully to understand these 
reactions. 

With prolonged methyldopa therapy, 10% to 20% of 
patients develop a positive direct Coombs test, 
usually between 6 and 12 months of therapy. Lowest 
incidence is at daily dosage of 1 g or less. This on 
rare occasions may be associated with hemolytic 
anemia, which could lead to potentially fatal compli- 
cations. One cannot predict which patients with a 
positive direct Coombs test may develop hemolytic 
anemia. Prior existence or development of a positive 
direct Coombs testis not ir itself a contraindication to 
use of methyldopa. If a positive Coombs test 
develops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the 
positive Coombs test may be a problem. For 
example, in addition to a positive direct Coombs test 
there is less often a positive indirect Coombs test 
which may interfere with cross matching of blood. 
At the start of methyldopa therapy, itis desirable to do 
a blood count (hematocrit, hemoglobin, or red cell 
count) for a baseline or to establish whether there is 
anemia. Periodic blood counts should be done 
during therapy to detect hemolytic anemia. It may be 
useful to do a direct Coombs test before therapy and 
at 6 and 12 months after the start of therapy. If 
Coombs-positive hemolytic anemia occurs, the 
cause may be methyldopa and the drug should be 
discontinued. Usually the anemia remits promptly. If 
not, corticosteroids may be given and other causes 
of anemia should be considered. If the hemolytic 
anemia is related to methyldopa, the drug should not 
be reinstituted. When methyldopa causes Coombs 
positivity alone or with hemolytic anemia, the red cell 
is usually coated with gamma globulin of the IgG 
(gamma G) class only. The positive Coombs test may 
not revert to normal until weeks to months after 
methyldopa is stopped. 

Should the need for transfusion arise in a patient 
receiving methyldopa, both a direct and an indirect 
Coombs test should be performed on his blood. In 
the absence of hemolytic anemia, usually only the 
direct Coombs test will be positive. A positive direct 
Coombs test alone will not interfere with typing or 
cross matching. If the indirect Coombs test is also 
positive, problems may arse in the major cross 
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match and the assistance of a hematologist or 
transfusion expert will be needed. 
Fever has occurred within first 3 weeks of therapy, 
occasionally with eosinophilia or abnormalities in 
liver function tests, such as serum alkaline phospha- 
tase, serum transaminases (SGOT, SGPT), bilirubin, 
cephalin cholesteral flocculation, prothrombin time, 
and bromsulphalein retention. Jaundice, with or 
without fever, may occur, with onset usually in the 
first 2 to 3 months of therapy. In some patients the 
findings are consistent with those of cholestasis 
Rarely fatal hepatic necrosis has been reported. 
These hepatic changes may represent hypersensitiv- 
ity reactions; periodic determination of hepatic 
function should be done particularly during the first 6 
to 12 weeks of therapy or whenever an unexplained 
fever occurs. If fever and abnormalities in liver 
function tests or jaundice appear, stop therapy with 
methyldopa. If caused by methyldopa, the tempera- 
ture and abnormalities in liver function characteristi- 
cally have reverted to normal when the drug was 
discontinued. Methyldopa should not be reinstituted 
in such patients. 
Rarely, a reversible reduction of the white blood 
cell count with primary effect on granulocytes has 
been seen. Reversible thrombocytopenia has oc- 
curred rarely. When used with other antihypertensive 
drugs, potentiation of antihypertensive effect may 
occur. Patients should be followed carefully to detect 
side reactions or unusual manifestations of drug 
idiosyncrasy. 

regnancy and Nursing: Use of any drug in women 
who are or may become pregnant or intend to nurse 
requires that anticipated benefits be weighed against 
possible risks; possibility of fetal injury or injury to a 
nursing infant cannot be excluded. Methyldopa 
crosses the placental barrier, appears in cord blood, 
and appears in breast milk. 
Precautions: Should be used with caution in patients 
with history of previous liver disease or dysfunction 
(see Warnings). May interfere with measurement of: 
urinary uric acid by the phosphotungstate method, 
serum creatinine by the alkaline picrate method, and 
SGOT by colorimetric methods. Since methyldopa 
Causes fluorescence in urine samples at the same 
wavelengths as catecholamines, falsely high levels of 
urinary catecholamines may be reported. This will 
interfere with the diagnosis of pheochromocytoma. 
It is important to recognize this phenomenon before a 
patient with a possible pheochromocytoma is sub- 
jected to surgery. Methyldopa is not recommended 
for patients with pheochromocytoma. Urine exposed 
to air after voiding may darken because of breakdown 
of methyldopa or its metabolites. 
Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascu- 





lar disease. Patients may require reduced dt 
anesthetics; hypotension occurring during 
thesia usually can be controlled with vasoprt 
Hypertension has recurred after dialysis in p 
on methyldopa because the drug is removed 
procedure. 

Adverse Reactions: Central nervous system: 
tion, headache, asthenia or weakness, usual 
and transient; dizziness, lightheadedness, 
toms of cerebrovascular insufficiency, parest! 
parkinsonism, Bell's palsy, decreased mental 
involuntary choreoathetotic movements; [ 
disturbances, including nightmares and rev 
mild psychoses or depression. 
Cardiovascular: Bradycardia, aggravation of 
pectoris. Orthostatic hypotension (decreas 
dosage). Edema (and weight gain) usually relit 
use of a diuretic. (Discontinue methyldopa if 
progresses or signs of heart failure appear.) 
Gastrointestinal: Nausea, vomiting, distentio: 
stipation, flatus, diarrhea, mild dryness of | 
sore or "black" tongue, pancreatitis, sialade! 
Hepatic: Abnormal liver function tests, jat 
liver disorders. 

Hematologic: Positive Coombs test, hemolyt 
mia. Leukopenia, granulocytopenia, thromt 
penia. Positive tests for antinuclear antibo 
cells, and rheumatoid factor. 

Allergic: Drug-related fever, lupus-like synt 
myocarditis. 

Other: Nasal stuffiness, rise in BUN, breast e 
ment, gynecomastia, lactation, impotenc 
creased libido, dermatologic reactions ini 
eczema and lichenoid eruptions, mild artt 
myalgia. 

Note: Initial adult dosage should be lim 
500 mg daily when given with antihyperte 
other than thiazides. Tolerance may occur, 
between second and third months of tl 
increased dosage or ve a diuretic fret 
restores effective control. Patients with in 
renal function may respond to smaller 
Syncope in older patients may be related to inc 
sensitivity and advanced arteriosclerotic vi 
disease; this may be avoided by lower doses. 
How Supplied: Tablets, containing 125 mg r 
dopa each, in bottles of 100; Tablets, con 
250 mg methyldopa each, in single-unit pack 
100 and bottles of 100 and 1000; Tablets, con 
500 mg methyldopa each, in single-unit pack 
100 and bottles of 100 and 500. í 
For more detailed information, con- M ' 
sult your MSD representative or see 
full prescribing information. Merck El 
Sharp & Dohme, Division of Merck & 

Co., Inc., West Point, Pa. 19486 
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Tektronix delivers three bright 
waveforms — two independent 
pressures and ECG — plus 4 digital 
readouts and hard copy in a monitor- 
ing station weighing only 20 Ibs. with 
battery pack. Simultaneous, at-a- 
glance viewing of all monitored vital 
signs means the user doesn't have 
to manually switch channels or 
"tune-out" one parameter to view 
another. The result: increased user 
convenience and patient safety. 


400 RECORDER 5; , 





Four digital readouts provide 
heart rate, temperature, either sys- 
tolic, diastolic, or mean arterial/ 
venous pressure, and either 
systolic/diastolic arteria! pressure in 
an alternating, flashing format or 
mean pressure. 

Hard copy printouts of all digital 
parameters are provided by the 400 
Series Recorder, as well as elapsed 
time and selectable waveform. 

Find out now how Tektronix can 


provide you with the monitoring in- 
formation you need — easily and 
accurately. Call Today Toll Free: 
(800) 547-4804. Or write: 

Tektronix, Inc., RO. Box 500, 
Beaverton, Oregon 97077. 


Tektronbc 
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WHEN CONSERVATION OF 
POTASSIUM IS DESIRED 


Dyrenium 


brand of 


triamterene wes. 


A LOGICAL ADJUNCT TO FUROSEMIDE 
IN CARDIAC EDEMA 


Before prescribing, see complete prescribing information in SK&F 
literature or PDR. The following is a brief summary. 
Contraindications: Anuria. Severe or progressive kidney disease or 
dysfunction. Severe hépatic disease. Pre-existing elevated serum potas- 
sium. Hypersensitivity. Continued use in developing hyperkalemia. Do 
not give potassium supplements, either by drug or by diet. 
Warnings: Observe regularly for possible blood dyscrasias, liver damage 
or other idiosyfcratic reactions. Check BUN and serum potassium . 
periodically, especially in the elderly, diabetics, and those with suspected 
- - or confirmed renal insufficiency. Use in pregnancy requires weighing 
anticipated benefits against possible hazards tothe fetus, including adverse 
reactions which have occurred in the adult. Triamterene may appear 
in breast milk. If its use is essential, the patient should stop 


In a study of 30 cardiac patients (10 as controls, 20 receiving 
furosemide), ‘Dyrenium’ (200 mg./day) was added to 10-of the 
treated patients. After at least 10 days on the combined 
regimen, mean plasma potassium was significantly increased - 
from pre-'Dyrenium' levels of 3.85 mEq./l. (5.12) to 4.54 
mEq./I. (27.12). Any K+ supplements were discontinued. ' 


‘Dyrenium’ Has 
an Additive Effect. 


When used with another diuretic, initial — 


dosage of both agents should usually be 
reduced; careful supervision and dosage 
adjustment are required. K* supple- 
ments should be discontinued and not 
reinstituted unless hypokalemia 
develops or dietary Kt intake is 
markedly reduced. K+ supple- 

ments are contraindicated when 
"Dyrenium' is used alone. Hyper- 
kalemia can occur, but it is rare 

when renal function is normal. 

Serum K* and BUN should be 

checked regularly (see Warn- 

ings below). 


1. Donaldson, E.K., et al.: Brit. 
M.J. 1:1254-5 (May 22) 1976. 


nursing. 
‘Dyrenium’ and spironolactone are not usually 
used concurrently; if they are, however, 
frequent serum potassium determi- 
nations are required. 


Precautions: |f hyper- 
kalemia develops, withdraw 
the drug. The following may 
also occur: electrolyte imbal- 
ance, low-salt syndrome (with 
low salt intake), reversible mild 
^ nitrogen retention, decreasing | 
alkali reserve with possible 
. metabolic acidosis. Triamterene is a 
weak folic acid antagonist. Do 
periodic hematologic studies in 
cirrhotics with splenomegaly. Con- 
comitant use with antihypertensive : 
drugs may result in an additive hypo- 
tensive effect. When ‘Dyrenium’ is to be 
discontinued after intensive or prolonge 
therapy, withdraw gradually because of 
possible rebound kaliuresis. 
Adverse Reactions: Diarrhea, nausea indi; 
vomiting (may indicate electrolyte imbal- 
ance), other gastrointestinal disturbances, 


weakness, headache, dry mouth, anaphylaxis, — | : 


/ photosensitivity, elevated uric acid, rash. 
Note: When combined with another diuretic, 
the initial dosage of each agent should be lower 
than recommended. e 
Supplied: 50 and 100 mg. capsules, in bottles — 
of 100 and in Single Unit Packages of 100 
(intended for institutional use only). 


SK&F Co. 
Carolina, P.R. 


*Taken from Richardson, J.G.: Medicology. 
N.Y., University Medical Society, 1906. 
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. Spironolactone has been shown to be a tumorigen in chronic toxicity studies in 
rats (see Warnings). Aldactone should be used only in those conditions 
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and/or ascites. Hypokalemia. 
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Hyponatremia may be caused or d. deity especially when Aldactone is administered in 
combination with other diuretics. Transient elevation of BUN and/or mild acidosis may 
occur. Aldactone potentiates the effect of other diuretics or antihypertensive agents, 
particularly ganglionic blocking agents: therefore the dosage of such drugs should be 
reduced by at least 50 percent when adding Aldactone. Gynecomastia may develop and in 
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Spironolactone may cross the placental barrier. Use in pregnant women requires that the 
anticipated benefit be weighed against possible hazard to the fetus. Breast feeding should 
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to achieve or maintain erection, irrecular menses or amenorrhea, postmenopausal 
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but a cause-and-effect relationship has not been established. Adverse reactions are 
usually reversible upon discontinuation of the drug. 

Dosage and Administration ] 
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forfour cays (short test). For preparationrfor surgery or for long-term maintenance therapy, 
100 to 400 mg. daily. 

For edema in adults: Initial daily dosage is 100 mg. in divided doses but may range from 
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second diuretic which acts more proximally in the renal tubule may be added. The dosage 
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For edema in children: Initial daily dosage should provide approximately 1.5 mc. per 
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The delicate balance 
uring treatment of CHF 


“lec ctrolyte imbalance is atten a problem during digitalis therapy and most diuretics 
car n worsen the problem. With both the thiazides and furosemide, fluid and electro- 
le imbalance may lead to digitalis toxicity. 


| vem tone for concomitant digitalis/diuretic therapy. 
lactone * * (Spironolactone) provides gradual and sustained diuresis and, through 
gue mechanism, helps prevent hypokalemia with limited risk of hyperkalemia. 
s Aldactone does not adversely affect serum calcium, magnesium, and uric 
id levels nor alter glucose tolerance. 
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Small size and long duration (o week or more) 
makes this €CG recorder ideal for determination 
of causes of transient dusoneo, angina, cerebral 
ischemia, transient arrhythmias, and for cardiac 
rehabilitation programs. 


Simple playback of programmed and patient 
activated recordings directly into office €CG units. 
No scanning or data processing equipment required. 


Patient activated mode and voice recordings simplify 
detection of €CG abnormalities and accurate correlation with 
symptoms or activity being investigated. xf 


For a demonstration or further information write or call collect 
Cardiodyne Incorporated 19282 Stevens Creek Boulevard Cupertino, Califomia 95014  408-255- 9582 
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CLINICAL STUDIES 


465 Right Ventricular Infarction. Clinical Diagnosis and Differentiation From Cardiac Tamponade and 
Pericardial Constriction 


BEVERLY LORELL, ROBERT C. LEINBACH, GERALD M. POHOST, HERMAN K. GOLD, ROBERT E. DINSMORE, 
ADOLPH M. HUTTER, Jr., JOHN O. PASTORE and ROMAN W. DeSANCTIS 


Among 306 patients with acute inferior wall myocardial infarction, only 8 had clinically recognized right ventricu- 
lar infarction, for an incidence rate of 2.6 percent, and 4 patients had an incorrect diagnosis of acute cardiac 
tamponade. All 12 patients with right ventricular infarction had acute inferior wall myocardial infarction associ- 
ated with the bedside findings of jugular venous distension, clear lungs on auscultation and arterial hypotension. 
The hemodynamic features of right ventricular infarction resemble more closely those of pericardial constriction 
than those of cardiac tamponade. The newer noninvasive methods and the occasional use of right atrial cinean- 
giography are valuable in the diagnosis of right ventricular infarction because they demonstrate the diminished 
systolic performance of the right ventricle. Echocardiography also proved a useful bedside technique in distin- 
guishing between right ventricular infarction and cardiac tamponade. Management of these patients included 
correction of bradyarrhythmias, an attempt to correct hypotension and oliguria by intravascular volume expan- 
sion and the use of pressor and inotropic agents. 


472  Cineangiographic Assessment of Left Ventricular Function in the Acute Phase of Transmural 
Myocardial Infarction 


MICHEL E. BERTRAND, MICHEL F. ROUSSEAU, JEAN M. LABLANCHE, ALAIN G. CARRE and 
JEAN P. LEKIEFFRE 


Hemodynamic investigation of 115 patients during the acute phase of transmural myocardial infarction revealed 
that the extent rather than the location of infarction appears to be the principal factor determining the degree of 
ventricular functional impairment. Patients with anterior or inferior myocardial infarction carefully matched for 
similar extent of infarction showed no significant differences in the variables of ventricular performance. The lo- 
cation of dyssynergy was unimportant. The electrocardiographic site of infarction correlated well with the loca- 
tion of ventricular dyssynergy. There was no correlation between the extent of dyssynergy and changes in left 
ventricular end-diastolic compliance, but a good linear correlation between ejection fraction and the extent of 
abnormally contracting segment. These results indicating that the extent of the infarct is the most important fac- 
tor lead the investigators to recommend that the main effort in the coronary care unit be directed to limiting in- 
farct size. 


481 Coronary Hemodynamic and Myocardial Metabolic Alterations Accompanying Coronary Spasm 


SHELDON GOLDBERG, WILFRED LAM, GILBERT MUDGE, FRED KUSHNER, JOHN W. HIRSHFELD and 
JOHN A. KASTOR 


Small doses of ergonovine (0.1 to 0.15 mg) given intravenously to provoke reversible coronary spasm in 6 pa- 
tients with variant angina and 14 patients with atypical chest pain proved safe but resulted in major focal coro- 
nary arterial spasm accompanied by profound alterations in coronary hemodynamics and myocardial metabo- 
lism in the latter group. Using the coronary sinus thermodilution technique, these investigators correlated such 
provoked spasm of the left anterior descending coronary artery with marked increases in coronary vascular re- 
sistance (from 0.65 + 0.07 to 1.14 + 0.10 mm Hg/ml per min) and S-T elevation in the group with variant angina. 
The myocardial arteriovenous oxygen difference increased and net lactate extraction changed to lactate produc- 
tion in two patients with variant angina in whom these measurements were made. Ergonovine testing is most 
safely performed in the catheterization laboratory, where proper safety precautions can be followed and any se- 
rious consequences of administration of the drug quickly reversed. 
Continued on page A13 
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488 Ventricular Function at Rest, During Leg Raising and Physical Exercise Before and After 
. Aortocoronary Bypass Surgery 


WULF-DIRK BUSSMANN, VALENTIN MAYER, GISBERT KOBER and MARTIN KALTENBACH 


Assessment of ventricular function in nine patients with coronary heart disease before and 5 weeks after aorto- 
coronary bypass surgery revealed no change at rest but marked improvement in various indexes of overall and 
regional ventricular function during exercise. Improvement in regional wall motion was most pronounced in the 
areas that were most impaired preoperatively. In three patients occlusion of the bypass graft or myocardial in- 
farction occurred intraoperatively; the postoperative findings at rest and during exercise were unchanged from 
the preoperative values in these patients. 


494 Surgical Implications and Results of Combined Aortic Valve Replacement and Myocardial 
Revascularization 


D. CRAIG MILLER, EDWARD B. STINSON, PHILIP E. OYER, STEPEHN J. ROSSITER, BRUCE A. REITZ and 
NORMAN E. SHUMWAY 





Because angina pectoris in patients with aortic valve disease is not a reliable indicator of coronary artery dis- 
ease and because patients with coronary artery disease undergoing aortic valve replacement are at increased 
risk, it appears advisable to perform coronary arteriography routinely during preoperative evaluation of patients 
with aortic valve disease 40 years of age or older. This study of 271 such patients undergoing simultaneous aor- | 
tic valve replacement and coronary bypass grafting showed a late survival rate not significantly lower than that 
of patients without coronary disease. These results suggest that bypass grafting may protect against late cardiac ; 
deaths due to coronary atherosclerosis. It appears prudent to combine myocardial revascularization with aortic | 
valve replacement in patients with significant lesions in coronary arteries supplying substantial portions of the 3 
left ventricle. 3 3 
l 


502 M Mode and Two Dimensional Echocardiographic Features of Porcine Valve Dysfunction 
MOHSIN ALAM, ARMANDO C. MADRAZO, DONALD J. MAGILLIGAN and SIDNEY GOLDSTEIN 


M mode and two dimensional echocardiography proved valuable in identifying degeneration of nine porcine 
xenograft valves that occurred 11 to 68 months after implantation in eight patients. Two types of degeneration 
were observed: (1) fibrosis and stenosis in both the aortic and mitral positions, and (2) degenerative valve rupture 
in the mitral position. M mode echocardiography demonstrated increased thickness and loss of cusp detail in 
thickened valves and localized fuzzy cusp echoes with fluttering of the cusp in systole or diastole, or both, in pa- 
tients with a torn and flail porcine cusp. The two dimensional study was particularly useful in detecting masses 
and thickening associated with flail and torn cusps. 


AS SN 


510 Two Dimensional Echocardiographic Assessment of Patients With Bioprosthetic Valves 


JAY N. SCHAPIRA, RANDOLPH P. MARTIN, ROBERT E. FOWLES, HARRY RAKOWSKI, EDWARD B. STINSON, 
JAMES W. FRENCH, NORMAN E. SHUMWAY and RICHARD L. POPP 


=> mds ae eel 


In this study of 40 consecutive patients 1 week to 60 months after valve replacement surgery, two dimensional 
echocardiography had a diagnostic accuracy rate of 97 percent in evaluating bioprosthetic valve function and 
proved valuable in localizing infectious endocarditis and in identifying probable sources of emboli in patients 
with a cerebrovascular accident. The M mode echocardiogram had a significantly lower diagnostic accuracy rate 
(67 percent) than the two dimensional echocardiogram in assessing the bioprostheses. Both M mode and two 
dimensional echocardiography provided equally reliable quantitative assessment of left ventricular function, but 
the former appeared to be less sensitive to segmental wall motion abnormalities. These results clearly indicate 
the superiority of two dimensional echocardiography over the M mode technique in evaluating patients after 
valve replacement. 
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520 Acute Retrograde Dissection of the Ascending Thoracic Aorta 
PAUL R. CIPRIANO and RANDALL B. GRIEPP 
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These studies of six cases (three fatal) of acute retrograde dissection of the ascending thoracic aorta reveal that 
the clinical features are not reliable indicators of the pattern of dissection and that aortography is necessary to 
demonstrate clearly the extent of dissection and site or sites of the intimal tear. Fragmentation of elastic laminae 
and fibrosis, without cystic medial necrosis, were the most striking histologic alterations in the media at the site 
of dissection. The authors recommend immediate replacement of the ascending aorta with a Dacron graft to pre- 
vent extension of retrograde dissection. If dissection or enlargement of the aorta occurs after this operation, the 
aortic arch or descending thoracic aorta, or both, can be replaced later. Operative mortality and morbidity in- 
Continued on page A17 
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— Starting today 


Indications: Hypertension, adjunctive therapy in edema. 
_ Contraindications: Anuria, hypersensitivity to 
_ chlorthalidone or other sulfonamide-derived drugs. a 
~ Warnings: Should be used with caution in severe renal A ‘a ew Wa tO ST l| ke a 
- . disease, impaired hepatic function or progressive liver 
_ disease. May add to or potentiate the action of other 
— antihypertensive drugs. Sensitivity reactions may occur in P. f avo k a e | Q D a | A nN [5 e 
-. patients with a history of allergy or bronchial asthma. There 


^ 1sa possibility of exacerbation or activation of systemic 


D akepe anneres serae saio between benefit and risk 

















i " chlorthalidone. Thiazides cross the placental barrier 
Land appear in cord blood. Use in pregnant 
~ women requires that the anticipated benefits 
—. ofthe drug be weighed against possible 
hazards to the fetus. These hazards include 
| . fetal or neonatal jaundice, 
| thrombocytopenia, and possibly other 
^... adverse reactions which have occurred in 
— - the adult. In nursing mothers, thiazides 
— — cross the placental barrier and appear in 
_ — breastmilk. If use of the | o 
' — drugis essential, the : 
A. patient should stop 
F nursing. 
|» . Precautions: 
— Periodic 
determination of serum 
electrolytes to detect 


possible electrolyte imbalance 
should be performed at appropriate 
intervals. All patients receiving 
chiorthalidone should be observea for clinical 
signs of fluid or electrolyte imbalance; namely, 
hyponatremia, hypochioremic alka osis, and hypokalemia. 
Serum and urine electrolyte determinations are particularly 
important when the patient is vomiting excessively or receiving 
parenteral fluids. Medication such es digitalis may also 
influence serum electrolytes. Hypokalemia may develop with 
chlorthalidone as with any other potant diuretic, especially with 
brisk diuresis, when severe cirrhosis is present, or during 
concomitant use of corticosteroids or ACTH. Interference with 
adequate oral electrolyte intake will also contribute to 
hypokalemia. Digitalis therapy may exaggerate metabolic effects of 
hypokalemia especially with reference to myocardial activity. Any 
chloride deficit is generally mild and usually does not require specific 
treatment except under extraordinary circumstances (as in liver 
disease or renal disease). Dilutional hyponatremia may occur in 
edematous patients in hot weather. Hyperuricemia may occur or gout 
be precipitated in certain patients. Insulin requirements in diabetic 
patients may be increased, decreased, or unchanged and latent 
diabetes mellitus may become manifest. Chlorthalidone and related 
e may increase the responsiveness to tubocurarine. The 
antihypertensive effects of the drug may be enhanced in the 
- postsympathectomy patient. Chlorthalidone and related drugs may 
decrease arterial responsiveness to norepinephrine. !f progressive 
renal impairment becomes evident, as indicated by a rising nonprotein 
nitrogen or blood urea nitrogen, a careful reappraisal of therapy is 
necessary with consideration given tc withholding or discontinuing 
diuretic therapy. Chlorthalidone and related drugs may decrease 
serum PBI levels without signs of thyrcid disturbance. 
Adverse Reactions: Anorexia, gastric irritation, nausea, vomiting, 
cramping, diarrhea, constipation, jaundice (intrahepatic cholestatic 
- — jaundice), pancreatitis; dizziness, vertigo, paresthesias, headache, 
— — xanthopsia; leukopenia, agranulocytosis, thrombocytopenia, aplastic 
anemia; purpura, photosensitivity, rash, urticaria, necrotizing 
angiitis (vasculitis) (cutaneous vasculitis), Lyell's syndrome (toxic 
epidermal necrolysis). Orthostatic hypotension may occur and may be 
aggravated by alcohol, barbiturates or narcotics. Other adverse 
reactions include hyperglycemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, impotence. Whenever adverse 
reactions are moderate or severe, chlorthalidone dosage should be 
-— reduced or therapy withdrawn. 
= Usual Dose: One tablet daily. 
— How Supplied: Tablets— 100 mg. (white, scored), 50 mg. (aqua) 
- and 25 mg. (peach) in bottles of 100 and 1000; unit-dose blister packs, 
~ boxes of 100 (10x 10 strips). Also, 100 mg. and 50 mg. in PAKs of 
28 tablets, boxes of 6. 


^ An | "  USV Laboratories Inc. 
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Antihypertensive effectiveness 
demonstrated in a six-site multiclinic | 
double-blind study* In a multiclinic study*: 112 patients 


Diastolic Pressure 





Favorable Risk/Benefit Balance AR elim. Le 
e Mean potassium values remained within normal range 100 Bete mane gnato 
e No clinically significant hypokalemia, hyperuricemia, or 98 
hyperglycemia reported* 96 
; 94 
Well-documented Benefits Š 
e Significant lowering of systolic and diastolic pressure es 
e 24-hour natriuretic activity, convenient once-a-day mr. : ; 
Blood 0 | 2 3 4 5 6 j B 9 10 101 12 
dosag e Pressure Weeks from start of therapy 







Serum Potassium* 
5 4 










*Multiclinic study involved 112 patients in: New Orleans, LA; Denver, CO: 
Nassau, Bahamas: Madison, WI: Paterson, NU: East Meadow. NY 52 
Data on file, USV Laboratories Inc 50 [- 





Therapy Started Therapy Stopped 


Mean Values of 


*With thiazide and thiazide-like diuretics, it is possible 46 Serum Potassium (mEq./liter) 


to develop certain electrolyte imbalances including 
hypokalemia, hyperuricemia and hyperglycemia. 


Hygroton 25:5, 
(chlorthalidone USP) 
Blocks sodium retention longer 





during ep of Emotional stress or physical exertion 


PRESCRIBING INFORMATION 
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ndications: Based on a review of this drug by The National Academy 
of Sciences— National Research Council and/or other information, 
FDA has classified the indications as follows: 

Probably’ effective: The chewable dosage form of SORBITRATE 
is indicated for the treatment of acute anginal attacks and for prophy- 
laxis in situations likely to provoke such attacks. 

Final classification of the less-than-effective indications requires 
further inve stigation 


Contraindications: A histo ry of sensitivity to the drug. 
Warnings: Data supporting the use of nitrates during the early days of the 
acute phase of myocardial infarction are insufficient to establish safety. 
Precautions: Tolerance and cross tolerance to other nitrates may occur 
Adverse Reactions: Headache which may 
be severe and persistent. Lowering the 
dose and using analgesics will help control 
the headaches which usually diminish or 
disappear as therapy is continued 
Adverse reactions seen occasionally 
Cutaneous vasodilation with flush- 
ing; transient dizziness and weak- 
ness as well as other signs of cere- 


Up to 2 hours of angina 
protection. At mealtime 
and any other time of stress. 2:55:72: 


bral ischemia associated with postural hypotension, individual marked 
sensitivity to the hypotensive effects of nitrates wherein severe responses 
can occur even with the usual therapeutic dose (alcohol may enhance 
this effect); drug rash and/or exfoliative dermatitis. 

This drug can act as a physiologicalantagonistto norepinephrine, acetyl- 
choline, histamine and other agents 


Dosage and Administration: /adividua! Dose: To minimize hypotensive 
responses, which may occasionally be severe with chewable doses as 
low as 5 mg., the smallest effective dose should be employed. Chewable 
tablets are generally given in doses of 5 mg 
Dosage Schedule: Smallest effective dose necessary for the prevention 
and treatment of pain of an angina attack. CHEWABLE SORBITRATE® 
(isosorbide dinitrate) may be taken for 
prompt relief of angina pain three or four 
times daily. Although the onset and dura 
ton of effect of coronary nitrates may 
vary, following is the generally reported 
range of these values for CHEWABLE 
SORBITRATE 
Onset of Effect: Two to five minutes 


CHEWABLE SORBITRATE 
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crease if the procedure is prolonged. Medical treatment is not sufficient to prevent extension of this type of dis- 
section of the ascending aorta. 


Incidence of New Pulmonary Perfusion Defects After Routine Cardiac Catheterization 


R. KIRBY PRIMM, PETER H. SEGALL, HAROLD W. ALISON, P. RAM SINGH, JOSEPH R. LOGIC, 
RICHARD O. RUSSELL, Jr. and WILLIAM J. ROGERS 


Ventilation-perfusion lung scans obtained before and 1 day after cardiac catheterization revealed a 12 percent 
incidence rate of new postcatheterization perfusion defects consistent with pulmonary emboli, suggesting that 
pulmonary embolism may be a more common complication of routine cardiac catheterization than previously 
appreciated. None of the seven patients with new perfusion defects received specific treatment because they 
were asymptomatic. There was no significant difference in the incidence of new perfusion defects between pa- 
tients undergoing right heart catheterization from the femoral venous route and those studied from the antecubi- 
tal fossa. A specific source for these emboli could not be determined. 


EXPERIMENTAL STUDIES 
533 Protective Action of Amiodarone Against Ventricular Fibrillation in the Isolated Perfused Rat Heart 


W. F. LUBBE, M. L. McFADYEN, C. A. MULLER, M. WORTHINGTON and L. H. OPIE 


In these isolated perfused rat heart studies, amiodarone exerted a direct and powerful effect in decreasing vul- 
nerability to ventricular fibrillation and in increasing the ventricular fibrillation threshold in both the absence and 
presence of regional myocardial ischemia. The protective action of amiodarone in the presence of myocardial 
ischemia correlated well with an effect on tissue cyclic adenosine monophosphate rather than on the high ener- 
gy phosphate content of myocardium. These studies support the hypothesis that cyclic adenosine monophos- 
phate is implicated in arrhythmogenesis. Amiodarone appears to remain active at a myocardial receptor site 
even though it is no longer present in the perfusing medium. In this study amiodarone protected against the in- 
crease in ventricular vulnerability in the early phase after coronary arterial ligation and prevented reperfusion 
ventricular fibrillation. It merits a thorough trial in patients with acute myocardial infarction. 


METHODS 
Precordial Electrocardiographic Mapping After Exercise in the Diagnosis of Coronary Artery Disease 


KIM FOX, ANDREW SELWYN and JOHN SHILLINGFORD 


Precordial surface mapping after exercise in 109 patients with angina who subsequently underwent coronary ar- 
teriography was found to have a greater sensitivity (95 percent) than electrocardiography in 53 of these patients 
using either the orthogonal leads (68 percent) or a single chest lead (64 percent). The specificity of the three 
techniques did not differ significantly. In 6 of the 109 patients, precordial surface mapping provided an incorrect 
diagnosis. Four patients with a false negative result showed significant coronary arterial lesions with obvious an- 
giographic evidence of collateral circulation. Two patients with normal coronary arteries or only minor irregulari- 
ties had positive S-T segment changes in the precordial surface map after exercise (false positive result). These 
results indicate that the technique of precordial surface mapping after exercise improves the ability to diagnose 
coronary artery disease and can easily be used in clinical practice. 


547  Krypton-81m in the Physiologic Assessment of Coronary Arterial Stenosis in Man 


ANDREW PETER SELWYN, ROBERT STEINER, ARTU KIVISAARI, KIM FOX and GERRY FORSE 


The continuous infusion of krypton-8 1m into the aortic sinuses in patients with anginal chest pain allows continu- 
ous imaging and the assessment of moment to moment changes in regional myocardial perfusion that can be 
used as a physiologic test of stenotic lesions seen in the coronary arteriogram. Atrial pacing in patients with 70 
percent or greater luminal stenosis of a coronary artery demonstrated that the regional myocardial activity of 
krypton-8 1m representing perfusion was disturbed within 1 minute of the onset of the stress test and always pre- 
ceded the later development of electrocardiographic changes and chest pain. When the coronary arteriogram 
was normal or revealed luminal stenosis of less than 50 percent, regional myocardial perfusion was uniform at 
rest and during stress. 


554 An Assessment of Coronary Venous Bypass Graft Function Using Krypton-8 1m 


ANDREW PETER SELWYN, RALPH SAPSFORD, GERRY FORSE, KIM FOX and MELVIN MYERS 


Using a continuous infusion of krypton-8 1m delivered into each coronary bypass graft at operation in 15 patients 
with coronary artery disease, these investigators found myocardial flow rates of 0.5 to 2.0 ml/g per min in 13 pa- 
Continued on page A19 
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The Burdick 





Exercise Tolerance System 


helps track down coronary disorders. 


Introducing Burdick's ExTOL..... the coordinated 
Exercise Tolerance System. Now from one source, the in- 
strumentation components necessary to better detect 
clinically unsuspected or "silent" coronary disorders. All 
built, and backed, by Burdick, with the same quality that has 
made Burdick a leader in medical instrumentation for more 
than 65 years. The ExTOL System includes: 

Burdick's TMS-300 Treadmill. A treadmill that lets 
you start your patient testing sequence at zero miles per 
hour; an important contribution to patient safety, especially 
the older patient. Infinitely variable speed control 0-7 miles 
per hour. Elevation to a maximum of 2596 grade. Wide walk- 
ing belt area for an extra margin of safety. Durable, curl- 
resistant heavy polyester be!t tracks well. Remote control 
unit with digital timer and ECG start/stop control for auto- 
matic-start ECG instruments. Speed-setting caution indica- 
tor for added safety. 

EK-6 3-Channel Electrocardiograph. Complete 12- 
lead ECGs in 10 seconds. 
Automatic lead marking. Lead 


lengths, selection, standardizations, sensitivity settings, pa- 
per speed, and lead check can be automatically controlled. 
Heated styli and new BlueTrace paper produces clear, ac- 
curate, smudge-free ECG tracings. 

CS-625 Monitor/Heart Rate Meter. Viewing screen 
projects non-fade ECG cisplay with freeze frame capabil- 
ity. Clear, easy-to-read, cigital heart rate meter with range 
from 12-240 beats per minute. Heart-rate-limit alarm 
available. 

DC-190 Defibrillator. Designed with the patient's and 
operators safety in mind, simple operation. Energy levels 
from 5-400 joules in easy-to-select detented positions. 

Install EXTOL, Burdick's Exercise Tolerance System. 
If you want accurate test results and control of the test se- 
quence, you want Burdick. ExTOL components also availa- 
ble separately if you want to update your present system. 

For a demonstration or more information, call toll-free 
800-356-0701. Within Wisconsin: 608-868-7631. Or write 

The Burdick Corporation, 


B | | RID I C ^ I« Milton, Wisconsin 53563. 
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tients with no previous myocardial infarction and poor perfusion to the anterior and apical portions of the ventri- 
cles in 2 patients with previous anterior infarction. Measurement of flow per unit volume below 0.4 ml/g per min 
was not possible because the half-life of the isotope is so short. This study demonstrates the regions of myocar- 
dium that can be perfused by venous bypass grafts. Regional perfusion provided by venous grafts to segments 
of ventricular tissue affected by past myocardial infarction appeared to be severely limited. 


560 Reliability and Reproducibility of Two Dimensional Echocardiographic Measurement of the Stenotic 
Mitral Valve Orifice Area 


RANDOLPH P. MARTIN, HARRY RAKOWSKI, JAY H. KLEIMAN, WILLIAM BEAVER, ELIZABETH LONDON and 
RICHARD L. POPP 


Two dimensional echocardiography using a wide angle phased array sector scanner in 18 patients with rheumat- 
ic mitral stenosis revealed that tracing the early diastolic actual black-white interface of the perceived orifice 
was the most reliable method for drawing the mitral valve orifice area. This method properly differentiated pa- 
tients with critical mitral stenosis from those with noncritical mitral stenosis, but the correlation between these 
values and the hemodynamically derived mitral valve areas was poorer than previously reported. Additional in 
vivo and in vitro studies demonstrated that improved accuracy of this method in patients with mitral stenosis re- 
sulted from the use of the proper echocardiographic technique to localize the true commissural edge of the 
valve in early diastole, the correct instrument settings and the appropriate method for drawing the perceived ori- 
fice. Attention to these details makes the noninvasive measurement of the mitral valve orifice with two dimen- 
sional echocardiography reliable, reproducible and clinically useful. 


PEDIATRIC CARDIOLOGY 
569 Anatomy of Coronary Arteries in Univentricular Hearts and Its Surgical Implications 


BARRY R. KEETON, J. T. LIE, DWIGHT C. MCGOON, GORDON K. DANIELSON, DONALD G. RITTER and 
ROBERT B. WALLACE 


Analysis of the anatomy and surgical complications in 26 univentricular hearts revealed that the intraoperative 
and postoperative myocardial dysfunction after surgical correction in such hearts was causally related to injury 
of the coronary arteries in 15 of 24 hearts. The presence of major delimiting parallel branches over usually fa- 
vored ventriculotomy sites rendered them more vulnerable to surgical injury. In 10 of 14 patients with coronary 
injuries related to ventriculotomy, the arterial injury involved branches originating from the right coronary artery. 
The paucity of collateral circulation and cross-circulation between the two coronary arteries may be another im- 
portant factor that predisposes to infarction from surgical injury to vessels of only modest caliber. Attention to 
the coronary arterial anatomy facilitates identification of outlet chambers and rudimentary pouches in univentri- 
cular hearts. The optimal site of ventriculotomy should avoid the major coronary arteries and provide intraven- 
tricular exposure. The new prosthetic septum should partition the ventricular chamber as equally as possible, 
so that the extracardiac conduit is aligned when indicated and injury to the valve-supporting apparatus and spe- 
cialized conduction tissue is avoided. 


581 Hemodynamic Effects of Dobutamine in Children 


DAVID J. DRISCOLL, DESMOND F. DUFF, HOWARD P. GUTGESELL, CHARLES E. MULLINS, 
PAUL C. GILLETTE, MICHAEL R. NIHILL, THOMAS A. VARGO and DAN G. MCNAMARA 


Dobutamine infusion during diagnostic cardiac catheterization in 12 children with congenital heart disease signif- 
icantly increased cardiac output, stroke volume and systemic arterial phasic and mean blood pressures and de- 
creased pulmonary capillary mean blood pressure. No significant changes were noted in heart rate, pulmonary 
and right atrial mean blood pressures or systemic and pulmonary vascular resistance, and there were no adverse 
drug effects. This agent appears effective in augmenting cardiovascular function in children but is not yet avail- 
able for such use in the United States. 


STUDIES IN HYPERTENSION 
586 Hemodynamic Characteristics of Hypertension After Coronary Bypass Surgery and Effects of the 
Converting Enzyme Inhibitor 
ANDREAS P. NIARCHOS, ARTHUR J. ROBERTS, DAVID B. CASE, WILLIAM A. GAY, Jr. and JOHN H. LARAGH 


This clinical study in 13 patients shows that the main hemodynamic mechanism producing hypertension after 
coronary bypass surgery is an increased total peripheral resistance rather than an increased cardiac output. 
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There were two types of hypertension in these patients related to the renin-angiotensin system: (1) a renin-de- 


pendent form responsive to angiotensin Il blockade with the converting enzyme inhibitor, and (2) a nonrenin-de- . 


pendent form unresponsive to the inhibitor. The converting enzyme inhibitor improved left ventricular function 
in the responders primarily by reducing afterload and thereby significantly decreasing systemic arterial pressure, 
vascular resistance and left ventricular filling pressure as well as increasing cardiac output without tachycardia. 
The pretreatment renin level appears to determine the magnitude of the hypotensive response during angioten- 
sin Il inhibition after the administration of the converting enzyme inhibitor. 


594 Echocardiographic Assessment of the Effect of an Antihypertensive Regimen on Left Ventricular 


Performance 


J. PHILIP MOYER, A. WAYNE PITTMAN, ROBERT N. BELASCO and JAMES W. WOODS 


These data in nine hypertensive patients demonstrate the safety and efficacy of an antihypertensive drug regi- 
men including chlorthalidone, propranolol and hydralazine for use in patients with ischemic heart disease and 
aortic dissection, provided hydralazine is not added until propranolol has produced beta adrenergic blockade 
neutralizing the cardiac stimulation induced by hydralazine. This potent three drug regimen reduced mean blood 
pressure in these subjects from 142 to 102 mm Hg. With propranolol added, the heart rate, mean velocity of cir- 
cumferential fiber shortening and plasma renin activity returned to control levels from the greater elevated levels 
produced by the diuretic drug and hydralazine. 


600 Role of the Sympathetic Nervous System in Mediating the Renin Response to Head Up Tilt. Their 


Possible Synergism in Defending Blood Pressure Against Postural Changes During Sodium Deprivation 


ALBERTO MORGANTI, JORGE A. LOPEZ-OVEJERO, THOMAS G. PICKERING and JOHN H. LARAGH 


Thirty minutes of 65? head up tilt in patients with essential hypertension before acute beta blockade with pro- 
pranolol did not change mean blood pressure, and the absolute increases in renin were inversely related to the 
sodium balance. During beta blockade renin responses to tilt were abolished, mean blood pressure was un- 
changed in patients with sodium loading, and blood pressure decreased progressively during the last 15 minutes 
of tilt on normal and low sodium intakes. These results indicate that beta adrenergic receptors mediate the in- 
crease in renin during upright tilt and suggest that the postural renin response can be an effector pathway of the 
sympathetic nervous system for supporting blood pressure during prolonged tilt. This pathway becomes impor- 
tant when sodium is restricted. It is unlikely that the impressive differences in blood pressure during tilt were due 
solely to the cardiac effects of propranolol. 


EPIDEMIOLOGY 


605 The Natural History of Marked Left Axis Deviation (Left Anterior Hemiblock) 


SIMON W. RABKIN, FRANCIS A. L. MATHEWSON and ROBERT B. TATE 


During the 28 year observation period in the Manitoba Study cohort of 3,983 men, 222 new cases of marked left 
axis deviation were noted in the absence of heart disease. An additional 25 cases detected on entry made a total 
of 247 cases. Complete right bundle block developed in 2.4 percent (6 of 247 men), whereas complete left bun- 
dle branch block developed in only 0.8 percent (2 men). The development of left axis deviation was not associ- 
ated with a significant change in Q waves in lead | or aVL, or both. An indeterminate AQRS from an S4S5S5 pat- 
tern is significantly associated with the subsequent development of left axis deviation. In the absence of clinical- 
ly apparent heart disease, complete right bundle branch block is slightly more likely to develop in men with 
marked left axis deviation than in those without such axis deviation. 


REPORTS ON THERAPY 


612 Assessment of Long-Term Antiarrhythmic Therapy: Studies on the Long-Term Efficacy and Toxicity 


of Tocainide 


ROBERT ENGLER, WILLIAM RYAN, MARTIN LeWINTER, HARRY BLUESTEIN and JOEL S. KARLINER 


Clinical testing in 21 patients, utilizing a combination of serial ambulatory electrocardiographic monitoring and 
a trial of drug withdrawal, demonstrated that tocainide is an effective drug for the long-term treatment of serious 


Continued on page A22- 
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x ventricular arrhythmias refractory to other agents. However, neurologic symptoms occurred in 57 percent of the 
E yi |. patients and were severe enough to require stopping the drug in three patients. Tocainide did not induce lympho- 
p" - cytotoxicity. Because of marked variability in ventricular premature complex counts, adequate suppression is 


. best assessed by combining an analysis including arrhythmia classification and the nonparametric distribution 
of data. Long-term testing of antiarrhythmic drugs should also include, as in this study, a withdrawal trial to en- 
sure both continued drug requirement and continued drug efficacy. 
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(6 9 : Influence of Plasma Drug Level and the Presence of Conduction Disease on the Electrophysiologic 
|.  . Effects of Procainamide 


Sa SS = D, GEORGE WYSE, JOHN H. McANULTY and SHAHBUDIN H. RAHIMTOOLA 


E Direct electrophysiologic data in this study of 16 patients support the use of procainamide in managing supra- 
4 E ^y ventricular tachyarrhythmia. This agent abolishes atrial and sinus echo zones that trigger such arrhythmias and 
K; -can block reentry at several sites. The usual plasma levels of procainamide produce effects throughout the con- 
s ik. duction system. The acute electrophysiologic effects of intravenous procainamide include a small decrease in 
EL cycle length, sinus nodal recovery time and sinoatrial conduction time, slowed atrial conduction with increased 

.. refractoriness, and abolition of sinus and atrial echo beats, facilitated A-V nodal conduction with decreased re- 
"P fractoriness and slowed infranodal conduction. The effects of the drug are less predictable in patients with evi- 
E dence of conduction disease. 








: 627 à Individual Titration of Diazoxide Dosage in the Treatment of Severe Hypertension 


E E |»... ©., VENKATA S. RAM and NORMAN M. KAPLAN 

“4 3 - . Diazoxide, a potent vasodilator, exerts its antihypertensive action solely by reducing the peripheral vascular re- 
- . A M sistance through direct relaxation of arterioles. In this study the dosage of diazoxide was titrated against the 

M te ~ blood pressure response of individual hypertensive patients to avoid a major decrease in blood pressure. The re- 
Br . Sults indicate that repeated injections of diazoxide starting with a dose of 150 mg can be effective in gradually 
p . reducing and controlling extremely high blood pressure immediately with minimal serious side effects. Seven 


E. - of 32 patients required only one injection of 150 mg to reduce the diastolic pressure to 110 mm Hg or less; only 
x . one patient needed more than three injections. 
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631  Electrophysiologic Approach to Therapy of Recurrent Sustained Ventricular Tachycardia 
E MARK E. JOSEPHSON and LEONARD N. HOROWITZ 


E .. The electrophysiologic approach to recurrent ventricular tachycardia detailed in this review rapidly improves the 
E. chances of successful therapy. Requiring the use of sophisticated equipment and highly specialized personnel, 
E Pus .. such an approach should be performed only at specialized referral centers. In this method the efficacy of drug 

Ec therapy is assessed by its ability to prevent the initiation of the arrhythmia by electrical stimulation, and the effi- 

cacy of pacemaker therapy is evaluated by assessing the effects of stimulation during the tachycardia. When 

necessary, endocardial mapping is helpful to guide therapeutic surgical ablation of the site of origin of the tachy- 
. cardia, if drugs fail to control it. In this series a successful pharmacologic regimen was devised in 20 of 34 pa- 
m. tients (59 percent). Eight of the 10 patients who underwent aneurysmectomy with endocardial excision of the 
Uu site of origin of the tachycardia survived and subsequently had no more bouts of sustained ventricular tachycar- 
dia. 


HISTORICAL MILESTONES 


A 643 The Concept of Trifascicular Intraventricular Conduction: Historical Aspects and Influence on 
|». Contemporary Cardiology 


M HERMAN N. UHLEY 


3 This historical milestone commemorates one of the most stimulating concepts in the history of modern cardiolo- 
EU. gy, namely, hemiblocks and trifascicular block, as developed by Mauricio Rosenbaum and his co-workers. The 
E s. concept has exerted a major effect on the contemporary practice of cardiology, influencing clinicians, research- 
E 2 ers and students, and has provided insight into previously unexplained phenomena. The contributions of other 
E- C earlier investigators whose work paved the way for this concept are also briefly acknowledged. 
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. Exertional Angina Pectoris Caused by Coronary Arterial Spasm: Effects of Various Drugs 


HIROFUMI YASUE, SHINGO OMOTE, AKINORI TAKIZAWA, MASAO NAGAO, KUNIHISA MIWA and 
SATORU TANAKA 


As demonstrated in four patients with exertional angina, exercise can induce coronary arterial spasm and angi- 
na, not only in patients with almost normal arteries but also in those with severe organic stenosis of two or three 
large coronary arteries. In these patients with coronary arterial spasm, diltiazem and nifedipine, calcium an- 
tagonistic drugs that dilate large coronary arteries by blocking the entry of calcium ions into coronary vascular 
smooth muscle cells, effectively suppressed the anginal attacks. In contrast, propranolol, which may cause cor- 
onary vasoconstriction, did not relieve angina in two patients. Nitroglycerin stopped the anginal attacks by cilat- 
ing the large coronary arteries. 


. His Bundle Electrocardiography in Digitalis-Induced ‘‘Atrioventricular Junctional" Wenckebach 


Periods With Irregular H-H Intervals 
AGUSTIN CASTELLANOS, RUEY J. SUNG and ROBERT J. MYERBURG 


His bundle electrograms and other studies in two patients with accelerated or nonaccelerated atrioventricular 

(A-V) junctional rhythms associated with digitalis-induced A-V junctional Wenckebach periods suggest that the 

conduction disturbances probably occurred within the AN region of the A-V node. Automaticity probably origi- 
 nated in the A-V node also, but conclusive proof will require more refined studies. 


CASE REPORTS 
Constrictive Pericarditis: Early and Late Complication of Cardiac Surgery 
MICHAEL V. COHEN and MARK A. GREENBERG 


As illustrated by these three cases, constrictive pericarditis deserves to be considered more frequently in the 
differential diagnosis of right heart failure in the immediate postoperative period or several years after cardiac 
surgery. Although primary pericardial closure appears to decrease significantly the incidence of intrapericardial 
blood accumulation, it does not ensure that constrictive pericarditis will not develop. In one patient whose peri- 
cardium was closed, hemodynamic evidence of constrictive pericarditis was recognized only 10 days later. Loc- 
ulated clotted and unclotted viscous blood was removed from the pericardial space. In the other two cases dense 

. adhesions obliterated the pericardial space. At times a fluid challenge may be necessary to uncover the hemc- 
dynamic abnormalities caused by constrictive pericarditis. 


Separation of Conjoined Thoracopagous Twins Joined at the Right Atria 
DAVID SYNHORST, MICHAEL MATLAK, YEAI ROAN, DALE JOHNSON, JAMES BYRNE and EDWIN McGOUGH 


In this report of female thoracopagous twins with a shared atrial myocardium, preoperative cardiac evaluation 
demonstrated a parasitic relation between the conjoined twins and allowed palliation of the dependent twin's 
cardiac disease so that both twins could be surgically separated and survive. In the twin with hypoplastic right 
heart syndrome who depended on the other twin for oxygenation of her blood, hepatic, renal and cardiac failure 
developed a week after surgery, and she died during an episode of ventricular fibrillation. The other twin's post- 
operative course was uncomplicated; she was acyanotic and had normal auscultatory findings and no cardio- 
megaly on X-ray examination. 


. EDITORIALS 


Right Ventricular Infarction Revisited 
JAY N. COHN 


Importance of Clinical Assessment in Selecting Patients for Pulmonary Arteriography 
PAUL D. STEIN, PARK W. WILLIS, Ill and JAMES E. DALEN 
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Try this simple test. 


Under realistic conditions, how much time does 
it take to move your emergency crash cart from 
where it is normally kept to the beds that are 
farthest away? 

Put a clock on it. Have the crash cart ready 
then call in a code from a room on the most 
distant wing and floor 

We re betting that you'll be surprised —and 
alarmed — by the amount of time that actually 
elapses. How can we be so sure? Because we ve 
helped many hospitals stage this test, and in the 
vast majority of cases, the real-time results were 
shockingly slow 

The remedy is simple: protect every floor in 
your hospital with a Lifepak defibrillator/monitor 
on a properly-equipped crash cart. Obviously 
that's good for us, because it means we sell more 
equipment. But we dont just sell defibrillator/ 
monitors — we sell peace of mind and the ability 
to meet emergencies successfully. Give us a call. 
Soon. We'll be happy to help you try the test 


Lifepak and Physio-Control are registered trademarks of Physio-Control Corporation World leader in acute cardiac care systems 
11811 Willows Road, Redmond, Washington 98052/(206) 883-1181/Telex 32-0166 Cable PHYSIO/RED 
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PROGRESS IN CARDIOVASCULAR DISEASES 
Edited by EDMUND H. SONNENBLICK and MICHAEL LESCH 
Volume 21, July 1978—May 1979. Published six times a year. 
Subscription, $37.00 (outside U.S.A. $39.00) ISSN: 0033-0620 


EXERCISE AND HEART DISEASE 
Edited by EDMUND H. SONNENBLICK, M.D. and MICHAEL LESCH, M.D. 
A PCD Reprint 
1977, 248 pp., $19.50 ISBN: 0-8089-1016-7 


PRINCIPLES OF 


CARDIOVASCULAR NUCLEAR MEDICINE 
Edited by B. LEONARD HOLMAN, EDMUND H. SONNENBLICK, M.D. and MICHAEL LESCH, M.D. 
A PCD Reprint 
1978, 256 pp., $19.50 ISBN: 0-8089-1082-5 
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ELECTROCARDIOGRAPHY IN CLINICAL PRACTICE 
By TE-CHUAN CHOU, M.D. 


in press 
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Edited by ATTILIO MASERI, M.D., GERALD A. KLASSEN, M.D. and MICHAEL LESCH, M.D. 
1978, 464 pp., $22.50 ISBN : 0-8089-1112-0 


TRAUMA TO THE HEART AND GREAT VESSELS 
By PANAGIOTIS N. SYMBAS, M.D. 
1978, 208 pp., 76 illus. $22.50 ISBN: 0-8089-1099-X 


THE LATEST PUBLICATIONS IN CARDIOLOGY WILL BE ON DISPLAY 
AT THE GRUNE & STRATTON BOOTH #913 


Send payment with order and save postage and handling charge. Prices are subject to change without notice. 


GRUNE & STRATTON 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 
111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NWI 7DX 





Introducing theDatascope M/D3. 


Itoffers the world's first lithium 
emergency power pack as part of the world’ 
most advanced portable 

defibrillator system ever developed. 
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Until now, the choice of a 
defibrillator system for the 
hospital was a compromise. 

You could have a 
defibrillator that weighed 35 
pounds or more that functioned 
pretty well on a crash cart. But 
it was a struggle to carry when 
you had to. 

Or you could have a 19 
pound defibrillator system. It 
was certainly lightweight, 
but it deprived you of many 
important features. 

You either had too much of 
one thing or too little of another. 

Now, you can have the 
best of both: the new Datascope 
M/D3. 

The M/D3 is remarkably 
compact and portable. It 
weighs less than 25 pounds. It 
measures only 13" x 15" x 7%". 
Yet it outperforms any heavy 
defibrillator system. And 
certainly any lightweight. 

To start with, the M/D3 
has the most advanced power 
system ever developed. As you 
might expect, the Datascope 
M/D3 operates on either 
battery or line power. 

But unlike conventional 
systems, the M/D3 puts an end 
to the worry about battery 
failure. Because, in addition to 
having nickel cadmium 
batteries, the M/D3 also has a 
revolutionary back-up battery: 

docena dens 





Emergency Power Pack for that 





the first lithium-powered 
emergency pack. 
We conceived the Lithium 


scope that give you an on-going 
indication of the sensitivity of 








emergency when your 
rechargeable batteries are 
unusable, for whatever reason. 
Our lithium pack needs no 
maintenance and remains ready 
for use for five years. We can't 
guarantee that you'll ever use it. 
But we can guarantee you'll be 
glad the first time you do. 
Despite its compactness 
and portability, the M/D3 has 
a scope that measures a full 
5 inches diagonally. The same 
size as you'd find in large 
systems. It has a bright non- 
fade display which you can 
freeze. And a large digital 





the trace. 

To the document switch on 
the paddles which triggers the 
strip chart recorder. To the 
convenient way in which the 
paddles can be removed and 
replaced. 

To the electrode lead fault 
indicator. 

To the manner in which the 
battery pack can 
be rapidly ejected 
for replacement. 
To the fact that 

Our scope has over 4 times the viewingareaofalightweight. batteries are 
display of heart rate. And, recharged in less than 5 hours 
naturally, it has the quality and instead of the usual 16. 
performance you'd expect In short, the M/D3 is the 
from the world's largest manu- most innovative development 
facturer of battery-powered in defibrillator systems today. 
monitors. Frankly, there are so many 

Despite its size, the M/D3 exciting features in the M/D3, 
is available in a 500 joule as there's simply not enough 
well as a 400 joule version. space to discuss them all here. 
Either model incorporates a We urge you to see the M/D3 
digital energy meter that first-hand. To arrange for a 
precisely displays anticipated demonstration call us at 
delivered energy. 201-265-8800. Datascope 

Overall, the M/D3 offers Corp., Box 5-S , Paramus, 
those innovative details which NJ 07652. 
create functional design In Europe: Datascope 
elegance. B.V., Post Box 26, 3870 CA, 





From the way all the oper- Hoevelaken, Holland. 
one sareamangedina The Datascope M/D3 
To the unique, dynamic Defibrillator System 


calibration markers on the 








Imagine our excitement at becoming 
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- Not that we're surprised. It's what we intended 


s 


all along. What did surprise us is that it hap- 
pened so fast. 
That's because, since our beginnings in 


1972, we haven't spent our time measuring 


our success, but creating it. 


Like many other services in the long-term 
ECG (Holter) recording field, we saw that the 


main focus of the cardiologist was diagnosis 


m- 


and treatment, not maintaining complex and 


_ expensive equipment. Or tedious examination 


- of twenty-four hour ECG recordings. Or time- 
- consuming quality control. The need is for 


accurate data, clearly and quickly reported. 
But we also saw something our competitors 


didn't see — room for improvement. So we de- - 


cided to take the lead. Make the commitment. 


There was more room than we thought: 
Room for re-inventing ECG recording tech- 


niques with the first miniaturized, two lead 
FM cassette recorder with a built-in timing 
track. Forintroducing the first digital computer- 
assisted playback system. For replacing the 
error-prone, rapid-fire Holter superimposition 
method with the operator controlled Stein/ 
Peterson" Examination Technique (with the 
heartfelt thanks of many a bleary-eyed exami- 
ner). For greatly improved data formating so 
that reports can be interpreted at a glance. 
For remote print-out terminals that can pro- 
vide twenty-four hour delivery in cities like 
Los Angeles, Dallas, Chicago, Philadelphia, 
San Francisco, Cleveland and of course, 
Boston and New York (with more cities 
to come). 

The list is long. The results have been 
impressive. 


Clinical Data is today the largest and most 





number one. 








comprehensive long-term ECG recording and 
reporting service in America. Five times larger 
than our nearest competitor, we're told. We're 
the only service that's truly national in scope. 
We have over 100 employees — more than 50 
of them medically trained professionals. We 
examine hundreds of millions of heartbeats 
and prepare thousands of reports every 
month. Hundreds of cardiologists across the 
nation depend on our reports for accu- 
racy, clarity, and many extra features 
that are simply unavailable elsewhere. 
We'd like to share our excitement 
with you. For your free detailed bro- 
chure and sample LCG Report-Il™ write 
to us at 1371 Beacon Street, Brookline, 
Massachusetts 02146. Or call toll free 


800-225-9180. fe Clinical Data, Inc. 


Making a long-term commitment to long-term recording. 
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Nuclear 
Cardiology: 
Now Available, 


a complete 


As a clinician whose practice involves cardiovascular dis- 
ease, you now have at your disposal a number of new diagnostic 
techniques employing nuclear cardiology — among them the 
use of imaging and radionuclides. With the recent growth of 
this rapidly developing field, you need a comprehensive and 
up-to-date assessment and guide to those techniques. That is 
precisely what is now available, and it features chapters by the 
leading authorities in the field. 
NUCLEAR CARDIOLOGY, 
guest edited by James T. 
Willerson, MD, Professor of 
Medicine, and Director of 
the Cardiology Division, 
University of Texas, South- 
western Medical School, 
Dallas, Texas; with 22 add - 
contributors. Order 
#9329-X. About 305 pp, 
100 figs. About $35.00. 
Ready April 1979. 

This latest addition to the Cardiovascular Clinic Series — Vol. 
10, Number 2 — makes available in one book a comprehen- 
Sive review of up-to-date nuclear cardiology techniques, their 
Capabilities and limitations. Dr. Willerson explores in detail the 
recent advances in the field and demonstrates how many of 
the techniques are of invaluable help to you, the clinician. 

You will particularly appreciate the extensive treatment of the 
radionuclide imaging of acute myocardial infarcts and coro- 
nary artery disease, and the radionuclide characterization of 
ventricular function. 








NUCLEAR CARDIOLOGY is a vitally important addition to the 
Cardiovascular Clinics and will be valued in your cardiology 
reference library. 

Contents include: @ Past, Present and Future of Nuclear Car- 
diology € Physics and Physiology of Nuclear Cardiology € 
scintigraphic Evaluation of Left Ventricular Function e Nonin- 
vasive Radionuclide Assessment of Right Ventricular Perform- 
ance in Man @ Fathophysi- 
ology of "Cold Spot” and 
"Hot Spot” Myocardial Im- 
aging Agents Used to 
Detect Ischemia or Infarc- 
tion € Clinical Applica- 
tions of Myocardial Imag- 
ing with Thallium-201 e 
Technetium-99m Stannous 
Pyrophosphate “Hot Spot" 
Imaging to Detect Acute 
Myocardial Infarcts @ The 
Role of Radionuclide Tech- 
niques in Patients with Myocardial Disease € Fatty Acid 
Uptake and "Metabolic Imaging" of the Heart e Radionuclide 
Assessment of Myocardial and Pulmonary Blood Flow e 
'33Xenon Measurement of Coronary Blood Flow e Radioactive 
Particle Imaging of Coronary Blood Flow Distribution e Radio- 
nuclide Studies in Patients with Congenital Heart Disease e 
Computed Tomography: Imaging the Heart. 

Albert N. Brest, MD, Editor-in-Chief of the Cardiovascular 
Clinics Series. 


EXAMINE THESE BOOKS, FREE, FOR 30 DAYS. FILL IN AND MAIL THIS COUPON TO F.A. DAVIS 
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| Please send me a copy of #9329-X Willerson: 
NUCLEAR CARDIOLOGY on 30-day approval. 
Also send me the volumes | have checked below: 


| [.] #4620-8 Helfant, A CLINICAL AND 
ANGIOGRAPHIC APPROACH TO CORONARY 
HEART DISEASE. 240 pp, 131 illus.................0-.00-. $25.00 


[.] 4706-6 Yang, FROM CARDIAC 
CATHETERIZATION DATA TO HEMODYNAMIC 
PARAMETERS, ED. 2, 527 pp, 205 illus. ................... $25.00 


[ ] #31103 Ellestad, STRESS TESTING: PRINCIPLES 
AND PRACTICE, 296 pp, 170 illus... o... oooi oooi. $22.00 


[ ] #6291-2 Moller, ESSENTIALS OF PEDIATRIC 
| CARDIOLOGY, ED. 2, 202 pp, illustd. (paper) .............. $ 9.95 
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An invoice will accompany the book and will include a small 
charge for postage and handling. 


If you are not completely satisfied you may return the books 
in 30 days in good condition. 


Please Print | 
Full Namew= 2 — Sd ty 





Adde. oa ede Bet 





Gi: ___State__ = ZIP 








Signature. 





EA.DAVIS COM 
100 YEARS OF PUBLISHING /1879-1979 


1915 ARCH ST.. PHILA., PA 19103 Card 3/79 | 
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OTHER SUTURELESS 
ELECTRODE PROFILE 


A BUTTON. SLIM SILHOUETTE is significantly lower 
in height than suturetess leads presently available 





CPI offers new low profile 
sutureless myocardial lead 


with pressure-free release 


The moment of truth. The electrodes in place as 
you prepare for disengagement of the head from the 
insertion tool. 

Until now, with sutureless leads you ran the 
risk of pushing or pulling on delicate heart tissue. 
But CPle has solved that with their new sutureless 
myocardial lead with pressure-free release. The CPI 
unique design allows you to maintain the electrode 
firmly in position while detaching the electrode 
with a retrograde motion. The head releases easily... 
without pressure. 

This is only part of the story. CPI engineer/ 
designers took triple-wound helical coil conductors 
to provide triple redundancy. They added a 10 mm? 
corrosion-free 70% platinum-30% iridium electrode. 


—, — v 

NEW CPI 
LOW-PROFILE 
ELECTRODE 





Fatigue-resistant alloys. Biocompatible silicone 
rubber sheathing. Reliable materials. Reliable 
engineering. 

In total, this new concept in sutureless leads is 
consistent with CPI leadership in lithium pacemakers 
that continue to set industry standards for 
reliability. Find out more today by writing or calling 
CPI toll free, 800-328-9588. 


Cardiac Pacemakers, Inc 

4100 North Hamline Avenue 
P.O. Box 43079 

St. Paul, Minnesota 55164, U.S.A 


Telephone: (612) 631-3000 
Cable: Cardiapace, St. Paul 
Telex: 29-7049 


©1978, Cardiac Pacemakers, Inc 


CPI 
ACTION- 
| PRESSURE. 

FRE 


E 
RELEASE 


OLDER METHOD requires 
a pushing action toward the at 


tachment point. The CPI lead 
detaches from the insertion 
tool, witha movement away trom 


the heart. 





Distinguishing Qualities of Dobutrex 


Strong Inotropic Activity through 

Selective Stimulation 

Dobutrex is a potent, positive inotropic agent 
whose primary activity results from stimulation of 
the 8 receptors of the myocardial muscle cells.’ 


Hemodynamic Improvements 

Dobutrex has minimum effect on the 
adrenergic receptors in the vasculature." In 
most patients, blood pressure changes are 
small, and decreases in afterload and preload 
have been reported in clinical investigations 
(see warnings)? 


Small Effect on Heart Rate and Automaticity 
Dobutrex has minimum effect on ventricular 
automaticity? and does not reduce blood 
pressures This, together with its low chronotropic 
potential, reduces the risk of arrhythmia (see 
warnings). 


Renal Output and Urine Flow 

Dobutrex does not have the direct renal 
vasodilative effect of low-dose dopamine; 
however, in patients with heart failure, Dobutrex 
generally promotes a diuresis as renal perfusion 
rises with the increased cardiac output 


Direct-Acting 
Unlike dopamine, Dobutrex acts directly on the 
myocardium and does not depend on the 


release of endogenous norepinephrine for its 
inotropic activity. 


Myocardial Oxygen Balance 

Increases in coronary heart perfusion due to 
increased cardiac output, together with a 
favorable influence on some of the major 
determinants of oxygen consumption (for 
example, decreases in left-ventricular filling 
pressure, decreases in systemic vascular _ 
resistance, and a mild chronotropic effect 28), 
suggest that Dobutrex improves or maintains 
myocardial oxygen balance. 


Infrequent Side Effects 

Increases in heart rate, blood pressure, and 
ventricular ectopic activity have occurred. The 
drug is contraindicated in patients with 
idiopathic hypertrophic subaortic stenosis. In 
patients who have atrial fibrillation with rapid 
ventricular response, a digitalis preparation 
should be used before therapy with Dobutrex is 
instituted. For warnings, precautions, and 
adverse reactions, see the brief summary of 
prescribing information. 

Because of the rapid onset and brief duration 
of action of Dobutrex, precise adjustment of 
cardiac stimulation is possible by regulation of 
the rate of administration. As a result, when 
undesirable effects arise, temporary 
discontinuation of the infusion or reduction in 
dosage will generally reverse the adverse 
conditions. No additional remedial measures 
are usually necessary. 


References: 

1. Circ. Res. 36:195, 1975. 4. Intensive Care Med., 3:57, 1977. 
2. Circulation, 55: 375, 1977. 5. Circulation, 56:468, 1977. 

3. Anesthesioloav. 44:284. 1976. 6. Br. Heart J., 37:629, 1975. 


For LV. Injection 
250 mg* in 20-ml vials 
*Equivalent to dobutamine 


Please see following page 
for brief summary of 
prescribing information 


Eli Lilly and Company 
MC-897 

PO. Box 618 

Indianapolis, Indiana 46206 


Please send me additional information regarding 
Dobutrex® (dobutamine hydrochloride, Lilly). 


Name 


Address 
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Briet Summary 
Consult the package literature for prescrib- 
ing information. 


Indications and Usage: Dobutrex® (do-, 
 butamine hydrochloride, Lilly) is indicated 
— when parenteral therapy is necessary for in- 
— etropic support in the short-term treatment 


of adults with cordiac decompensation due 


—— fto depressed contractility resulting either 
- — from organic heart disease or from cardiac 
l surgical procedures. 


In patients who have atrial fibrillation with 


— rapid ventricular response, a digitalis prep- 


aration should be used prior to instituting 
therapy with Dobutrex. 


Contraindication: Dobutrex is contraindi- 
cated in patients with idiopathic hyper- 
trophic subaortic stenosis. 


Warnings: 1. /ncrease in Heart Rate or Blood 
Pressure —Dobutrex may cause a marked 
increase in heart rate or blood pressure, 
especially systolic pressure. Approximately 10 
percent of patients in clinical studies have 
had rate increases of 30 beats/minute or 
more, and about 7.5 percent have had a 
50-mm Hg or greater increase in systolic 
pressure. Reduction of dosage usually re- 
verses these effects promptly. Because 
dobutamine facilitates atrioventricular con- 
duction, patients with atrial fibrillation are at 
risk of developing rapid ventricular response. 
Patients with preexisting hypertension ap- 
pear to face an increased risk of developing 
an exaggerated pressor response. 

2. Ectopic Activity —Dobutrex may precipi- 
tote or exacerbate ventricular ectopic ac- 
tivity, but it rarely has caused ventricular 
tachycardia. 


Precautions: 1. During the administration of 
Dobutrex, as with any adrenergic agent, ECG 
and blood pressure should be continuously 
monitored. In addition, pulmonary wedge 
Pressure and cardiac output should be 


monitored whenever possible to ald in the 
.. safe and effective infusion of Dobutrex. 


2. Hypovolemia should be corrected with 
suitable volume expanders before treatment 
with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may be ineffective if the patient has recently 
received a beta-blocking drug. In such a 
case, the peripheral vascular resistance may 


increase. 


4. No improvement may be observed in 
the presence of marked mechanical 
obstruction, such as severe valvular aortic 
stenosis. 

Usage Following Acute Myocardial 
Infarction —Clinical experience with Dobu- 
trex following myocardial infarction has 
been insufficient to establish the safety of the 


Dobutrex: 


Dobutamine HCI 





drug for this use. There is concern that any 
agent which increases contractile force and 
heart rate may increase the size of an infarc- 
tion by intensifying ischemia, but it is not 
known whether dobutamine does so. 


Usage in Pregnancy —Reproduction 
studies performed in rats and rabbits have 
revealed no evidence of impaired fertility, 
harm to the fetus, or teratogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women and 
should be used only when the expected 
benefits clearly outweigh the potential risks 
to the fetus. 


Pediatric Use—The safety and effective- 
ness of Dobutrex for use in children have not 
been studied. 


Drug Interactions —There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur- 
rently with other drugs, including digitalis 
preparations, furosemide. spironolactone, 
lidocaine, glyceryl trinitrate, isosorbide 
dinitrate, morphine, atropine, heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Preliminary studies indicate 
that the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually, a lower pulmonary 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: Increased Heort Rote 
Blood Pressure, and Ventricular Ectopic 
Activity —A 10 to 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic and 
pressor effects.) Approximately 5 percent of 
patients have had increased premature ven- 
tricular beats during infusions. These effects 
are dose related. 


Miscellaneous Uncommon Effects —The 
following adverse effects have been re- 
ported in 1 to 3 percent of patients: nausea, 
headache, anginal pain, nonspecific chest 
pain, palpitations, and shortness of breath. 


No abnormal laboratory values attribut- 
able to Dobutrex have been observed. 


Longer-Term Safety —Infusions of up to 72 
hours have revealed no adverse effects 
other than those seen with shorter infusions. 


Overdosage: in case of overdosage, as evi- 
denced by excessive alteration cf blood 
pressure or by tachycardia, reduce the rate 
of administration or temporarily discontinue 
Dobutrex until the patients condition 
stabilizes. Because the duration of action of 
Dobutrex is short, usually no additional re- 
medial measures are necessary. 


Administration and Dosage: econstitutior 
and Stability —Dobutrex* (dobutamine hy 
drochloride, Lilly) is incompatible with alka 
line solutions ond should not be mixed witt 
products such as 5% Sodium Bicarbon 
ate Injection. 

Dobutrex may be reconstituted with Sterile 
Water for Injection or 5% Dextrose !njectior 
To reconstitute, add 10 ml of diluent to Vic 
No. 7051 Dobutrex, 250 mg. If the material i 
not completely dissolved, add an additiona 
10 mi of diluent. The reconstituted solutior 
may be stored under refrigeration for 4€ 
hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further di- 
luted to at least 50 ml prior to administratior 
in 5% Dextrose Injection, 0.9% Sodium 
Chloride Injection, or Sodium Lactate Injec- 
tion. Intravenous solutions should be used 
within 24 hours. 

Solutions containing Dobutrex may exhibit 
a color that, if present, will increase with time 
This color change is due to slight oxidation ot 
the drug, but there is no significant loss of 
potency during the reconstituted time 
periods stated above. 

Recommended Dosage The rate of infu- 
sion needed to increase cardiac output 
usually ranges from 2.5 to 10 mcg/kg/min 
(see tabie). On rare occasions, infusion rates 
up to 40 mcg/kg/min have been required tc 
obtain the desired effect. 

Rates of Infusion for Concentrations of 
250, 500, and 1000 mcg/ml 


Drug Delivery Infusion Delivery Rate 


Rate 250 mcg/mi* 500 mcg/mlt 1000 mcg/mli 
(mcg/kg/min) (ml/kg/min) (ml/kg/min) (ml/kg/min) 


2.5 0.01 0.005 0.0025 
5 0.02 0.01 0.005 
7.5 0.03 0.015 0.0075 
10 0.04 0.02 0.0! 
12.5 0.05 0.025 0.0125 


15 0.06 0.03 0.015 
* 250 mg per liter of diluent 
+500 mg per liter or 250 mg per 500 mi of diluent 
11000 mg per liter or 250 mg per 250 mi of diluent 

The rate of administration and the dura- 
tion of therapy should be adjusted accord- 
ing to the patients response, as determined 
by heart rate, presence of ectopic activity 
blood pressure, urine flow, and, whenever 
possible, measurement of central venous or 
pulmonary wedge pressure and cardiac 
output. 

Concentrations up to 5000 mcg/ml have 
been administered to humans (250 mg/50 
mi). The final volume administered should be 
determined by the fluid requirements of the 
patient. [081578] 


Additional! information available to 
Ki the profession on request 
by | gii Lilly and Company 
Indianapolis, Indiana 46206 


F 


This past year was one of very substantial 
and gratifying growth for Arco Medical Products 
In appreciation, we raise a toast to you 
our many valued customers, and our employees 
and sales representatives worldwide 
Cheers to you —in gratitude for your past support, 
and in anticipation of our continuing partnership 
in the cause of medical advancement. 

To all of you, our wholehearted thanks 


ARCO/ Medical Products Company <> 


Subsidiary of AtlantıicRıchfieldCompany 


Üsentibüs 
P.O. Box 546 
Leechburg, PA 15656 
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THE 80 MGTABLET 
LASIX 


(furosemide) 


Lasix Tablets Prescribing Guide Usual adult 
daily dose: 20 to 80 mg given in morning. Dos- 
age may be increased by increments of 20 to 40 
mg not sooner than 6 to 8 hours after previous 
dose. May be carefully titrated up to 600 
mg/day in severe clinical edema patients. 











$ — In the course of cardiac edema Impaired renal function—associated with the 
"a patient may need more more severe degrees of congestive heart 


— than the usual 40 mg dose of failure—can greatly reduce the effectiveness 


ee š à 4 è of diuretic therapy. What is often required to 
.  Lasix? Itis for this patient provide effective saluresis for such patients is 


|. that we formulated the new 
.. Lasix 80 mg tablet. 
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a loop diuretic. 
The new Lasix 80 mg provides a convenient 
dosage unit to achieve the necessary saluresis. 
And, it offers greater patient compliance and 


can result in significant savings. 





Lasix® (furosemide) 


A brief summary of the Prescribing Informa- 
tion for Lasix (furosemide) Tablets 20, 40 
and 80 mg. 


Warning: Lasix (furosemide) is a potent 
diuretic which, if given in excessive 
amounts, can lead to a profound diuresis 
with water and electrolyte depletion. There- 


fore, careful medical supervision is required, 


and dose and dose schedule have to be 
adjusted to the individual patient's needs. 


Indications: Edema associated with conges- 
five heart foilure, cirrhosis of the liver, and 
renal disease, including the nephrotic syn- 
drome. Hypertension when used alone or in 
combination with other antihypertensive 
drugs; patients not adequately controlled 
with thiazides also probably will not be 
adequately controlled wth furosemide alone. 


Contraindications: Beccuse animal repro- 


ductive studies have shown that furosemide 
may cause fetal abnormalities, the drug is 
contraindicated in women of childbearing 
potential. Anuria. History of hypersensitivity 
to the compound. 

Warnings: Excessive diuresis may result in 
dehydration and reduction in blood volume, 
with circulatory collapse and with the 
possibility of vascular thrombosis and em- 
bolism, particularly in elderly patients. Ex- 
cessive loss of potassium in patients receiv- 
ing digitalis glycosides may precipitate dig - 
italis toxicity. Exercise care in patients re- 
ceiving potassium-depleting steroids. Per 
form frequent serum electrolyte, CO2, and 
BUN determinations during first few months 
of therapy and periodically thereafter, and 
correct abnormalities or temporarily withdraw 
the drug. Initial therapy of patients with he- 


Theraoy should be individualized according to 
patient response. As with any diuretic, electro- 
lyte depletion can occur during therapy with 


furosemide. When doses exceeding 80 mg/day 
are given for prolonged periods, careful 
clinical and laboratory observations are 


recommenced. 


Please consult brief summary of prescribing 
information below. 


that may precipitate hepatic coma Supple- 
mental potassium chloride and, if required, 
an aldosterone antagonist are helpful in pre- 
venting hypokalemia and metabolic al- 
kalosis. Discontinue furosemide if increasing 
azotemia and oliguria occur during treatment 
of severe, progressive renal diseas?. Observe 
patients regularly for possible blood dys- 
crasias, liverdamage, or other idiosyncratic 
reactions. Patients with known sulfonamide 
sensitivity may show allergic reactions 
Furosemide may potentiate the therapeutic ef- 
fect of other antihypertensive agents. Potenti- 
ation occurs with ganglionic or peripheral ad- 
renergic blocking drugs. Exacerbation or ac- 
tivation of systemic lupus erythematosus 
may occur. Furosemide appeors in breast 
milk. If use of the drug is essential, the pa- 
tient should stop nursing. Cases of tinnitus 


patic cirrhosis and ascites is best carried out in and reversible hearing impairment have been 


the hospital. Closely observe cirrhotic patients 
for sudden fluid and electrolyte imbalances 


reported, 
There have also been some reports of cases 





in which irreversible hearing impairment oc- 
curred. Usually ototoxicity has been reported 
when furosemide was injected rapidly in pa- 
tients with severe impairment of rena! func- 
tion at doses exceeding several times the 
usual recommended dose and in whom 
other drugs known to be ototoxic were given. 
If the physician elects to use high-dose par- 
enteral therapy in patients with severely im- 
paired renal function, controlled intravenous 
infusion is advisable. (For adults, an infusion 
rate not exceeding 4 mg furosemide per 
minute has been used.) 

Precautions: As with any effective diuretic, 
electrolyte depletion may occur, especially in 
patients receiving higher doses and a te- 
stricted salt intake. Patients receiving furo- 
semide should be observed for clinical signs . 
of fluid or electrolyte imbalance, namely, 
hyponatremia, hypochloremic alkalosis, and 
hypokalemia. Serum and urine electrolyte de- 
terminations are particularly important when 





BECAUSE IN CARDIAC EDEMA... 
THERE IS A POINT AT WHICH A GOOD DRUG 
BECOMES AN INVALUABLE ONE. 





the patient is vomiting excessively Or receiv 
ng parenteral fluids. Medication such as dig 
talis may also influence serum electrolytes 
Hypokalemia may develop with furosemide 
as with any other potent diuretic, especially 
with brisk diuresis, when cirrhosis is present 
or during concomitant use of corricosteroids 
or ACTH. Interference with adequate oral elec 
trolyte intake will also contribute to 
hypokalemia. Digitalis may exaggerate 
metabolic effects of hypokalemia, especially 
with reference to myocardial activity 
Asymptomatic hyperuricemia can occur and 
gout may rarely be precipitated. Increases in 
blood glucose and alterations in glucose 
tolerance tests with abnormalities of the fas! 
ing ond two-hour postprandial sugar have 
been observed, and rare cases of precipita- 
tion of diabetes mellitus have been reported 


Furosemide may lower serum calcium levels, 


and rare cases of tetany have been reported 
Periodic serum calcium levels should be ob- 


tained. Reversible elevations of BUN may be 
seen. These have been observed in associa- 
tion with dehydration, which should be 


avoided, particularly in patients with renal in- 


sufficiency Patients receiving high doses of 
salicylates in conjunction with furosemide 
may experience salicylate toxicity at lower 
doses because of competitive renal excretory 
sites. Furosemide has a tendency to an- 
tagonize the effects of tubocurarine and may 
potentiate the action of succinyicholine 
Lithium generally should not be given with 
diuretics because they reduce irs renal clear- 
ance and add a high risk of lithium toxicity 
Diuretics such as furosemide may enhance 
the nephrotoxicity of cephaloridine. There- 
fore, furosemide and cephaloridine should 
not be administered simultaneously. Furo 
semide may decrease arteria! responsive 
ness to norepinephrine. This diminution is 
not sufficient to preclude effectiveness of the 
pressor agent for therapeutic use 


Adverse Reactions: Anorexia, oral and gas 
tric irritation, nausea, vomiting, cramping 
diarrhea, constipation, jaundice, (intrahe 
patic jaundice), pancreatitis, dizziness, ver- 
tigo, paresthesias, headache, xanthopsia 
blurred vision, tinnitus and hearing loss 
anemia, leukopenia, agranulocytosis (rare) 
thrombocytopenia, aplastic anemia (rare) 
purpura, photosensitivity, rash, urticaria 
necrotizing angiitis (vasculitis, cutaneous 
vasculitis), exfoliative dermatitis, erythema 
multiforme, pruritus. Orthostatic hypotension 
may occur and may be exaggerated by alco- 
hol, barbiturates, or narcotics. Other adverse 
reactions include hyperglycemia, glycosuria 
hyperuricemia, muscle spasm, weakness 
restlessness, urinary blodder spasm, throm- 
bophlebitis 
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PHARMACEUTICALS INCORPORATED 
SOMERVILLE, NEW JERSEY 08876 


THE NEW LASIX ‘(furose 
80 MG TABLET 


For convenience, 
compliance, economy. 
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-and more, to give you the latest in state-of-the-heart monitoring. 


A new Holter Monitor—the Model 447 Electro- 
cardiocorder® records not only two leads of ECG 
data, but also up to 200 blood pressure readings 
from our Pressurometer® II, and encodes on tape, 
in digital format, the exact time of day throughout 
the 24-hour monitoring period. 


Our other new Electrocardiocorder—the multi- 
channel Model 448, is dedicated to recording and 
time-correlating implanted pacemaker pulses to the 
patient’s ambulatory electrocardiogram. The 448 is 
the first Holter Monitor developed solely for the 
assessment of pacemaker function. 


It’s only natural Del Mar Avionics is first to offer 
you these diagnostic tools. We were first to develop 
practical ambulatory ECG recorders, first to utilize 
2-channel recording, and first to offer 24 hours of 
continuous ECG information. After all, 

Holter Monitoring™ is our trademark. 


But, this is only half the story. 


ATLANTA (404) 952-0612 
BALTIMORE (301) 265-1320 
BOSTON (617) 942-0230 
CHARLOTTE (704) 373-1206 
CHICAGO (312) 956-6520 
CINCINNATI (513) 874-8600 
CLEVELAND (216) 886-4063 
DALLAS (214) 350-5881 
DENVER (303) 344-5101 
DETROIT (313) 559-6863 
HOUSTON (713) 692-3122 
IRVINE (Home Office) (714) 549-1500 
KANSAS CITY (816) 373-1117 
LONG ISLAND (516) 482-7690 
LOS ANGELES (213) 640-2282 
MIAMI (305) 981-0405 
MINNEAPOLIS (612) 854-8726 
NEW ORLEANS (504) 837-7510 
NEW YORK (203) 966-4560 
PHILADELPHIA (215) 265-8548 
PHOENIX (602) 275-2451 
PITTSBURGH (412) 344-4484 
ROCHESTER (716) 328-2660 
SAN DIEGO (714) 225-0465 
SAN FRANCISCO (415) 349-9102 
SEATTLE (206) 246-4430 

ST. LOUIS (314) 739-8151 
TAMPA (813) 879-8280 
EUROPE 720-7405 Telex 61791 
AVONIX B (Brussels, Belgium) 





The other half is our new Model 660B Electro- 
cardioscanner®. Thread the tape, press a button and 
the 660B scans 24 hours of ECG and blood pressure 
information in 12 minutes, decoding the exact time 
of day directly from the tape. VE and SVE beats, 
heart rates, ST segment levels, and systolic/diastolic 
blood pressures are automatically categorized, 
quantified, and documented on a compre- 

hensive trend chart. 


With the trend chart completed, the 660B auto- 
matically rewinds and searches out abnormalities at 
120-times real-time. Upon recognition, it precisely 
charts the abnormality, in real-time, with the 

exact time of occurrence. 


You might think such advancements in “state-of- 
the-heart monitoring” would obsolete your current 
equipment. Not so! The 660B scans and analyzes 
recordings made on any Del Mar Avionics Electro- 
cardiocorder. And, your Model 660 or 660A 

can easily be updated to a 660B. 

With all these innovations, putting the pressure 

on is our way of being first. At Del Mar Avionics, 
being the first 
has kept us first. 








DEL MAR AVIONICS 


1601 Alton Avenue at Redhill, Irvine, CA 92714, (714) 549-1500 
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 INDERAL " 
(propranolol hydrochloride) 


PERFORMANCE IN 
CARDIAC ARRHYTHMIAS 


EFFECTIVE ALONE OR IN COMBINATION 
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INDERAL (propranolol hydrochloride): Successful treatment 
of supraventricular arrhythmias for over 10 years 


INDERAL, usedaloneor incombination with other antiarrhythmics, has improved 
or resolved a variety of supraventricular arrhythmias.*” 

INDERAL alone: Results of use against atrial tachyarrhythmias in one series 
have recently been reported: 
| Arrhythmia i Proportion deriving benefit 





















Complete : Partial ae 


Sinus tachycardia 5996 2296 
Atrial tachycardia (including paroxysmal type) 6196 19% 
Atrial flutter 54% 32% 
Atrial fibrillation 5396 (2696 








Adapted from Coodley and Snyder? 

INDERAL is particularly effective in therapy of supraventricular tachyarrhyth- 
mias? It slows depolarization of sinus and ectopic pacemaker cells, and retards 
impulse-conduction in the atria and across the AV node.::9! |n cases where it 
cannot restore normal sinus rhythm, INDERAL is frequently effective in reducing 
the ventricular rate.+3!24 |NDERAL may prevent recurrent supraventricular 
tachyarrhythmias when digitalis and quinidine fail to do so??? In addition, 
INDERAL is a useful short-term adjunct for arrhythmias of thyrotoxicosis, when 





used with specific therapy. Since INDERAL may mask the clinical signs of 
hyperthyroidism, abrupt withdrawal should be avoided to prevent exacerbation 
of the symptoms of hyperthyroidism. 

And in combination: INDERAL has also been used to complement the 
actions of other antiarrhythmic agents ?559: The combination of INDERAL and 
quinidine has suppressed supraventricular arrhythmias that have not responded 
to either drug alone.?? 

When toxic doses of digitalis glycosides occasionally fail to control the 
ventricular rate in patients with atrial fibrillation or flutter, addition of INDERAL to 
a digitalis glycoside, with reduction of the digitalis dosage, may prolong AV 
conduction to the point where satisfactory control of ventricular rhythm is 
established?” 


INDERAL: Often effective in tachyarrhythmias of digitalis 


intoxication ®* |NDERAL has been found useful in the treatment of 
certain digitalis-induced arrhythmias that persist following discontinuation of 
digitalis and correction of electrolyte disturbances, particularly hypokalemia. Its 
use in this setting may be limited by the presence of significant congestive failure 
or heart block, and the development of severe bradycardia. (Please see prescrib- 
ing information on the next page for “Overdosage or Exaggerated Response.’) 

INDERAL is contraindicated in sinus bradycardia, greater than first degree 
heart block, and congestive heart failure unless the failure is secondary to 
tachyarrhythmias treatable with INDERAL. (See prescribing information for 
complete list of CONTRAINDICATIONS) Ayerst. 
Please see next page for prescribing information. 
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Brand of 


— INDERAL 
propranolol hydrochloride 


; ae blocking agent 








. | BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE 

| PHYSICIAN SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC 
t. | CONCEPT OF ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THE 
PHARMACOLOGY OF THIS DRUG. 


ACTIONS: INDERAL is a beta-adrenergic receptor blocking drug. possessing no 
- Other autonomic nervous system activity. It specifically competes with 
- beta-adrenergic receptor stimulating agents for available beta receptor sites 
_ When access to beta receptor sites is blocked by INDERAL, the chronotropic. 
inotropic, and vasodilator responses to beta-adrenergic stimulation are decreased 


=) Proportionately. 

_ Propranolol is almost completely absorbed trom the gastrointestinal tract, but 
/—— aportion ts immediately bound by the lier. Peak effect occurs in one to one and 
j meni ‘one-half hours. The biologic half-life is apprommately two to three hours 

'opranolol is not significantly dialyzable. There is no simple correlation between 
dose or un level and therapeutic effect, and the dose-sensitivity range as 
observed in chnical practice 1s wide. The pnncipal reason for this is that 
- sympathetic tone vanes widely between individuals. Since there is no reliable tes! 
[m estimate sympathetic tone or to determine whether total beta blockade has 
en achieved, proper dosage requires titration. 
aevum receptor blockade is useful in conditions in which, because of pathologic 

y ow functional changes, sympathetic activity is excessive or inappropnate and 
' . detnmental to the pauent. But there are also situations in which sympathetic 
| sm s wal. For example, in patients with severely damaged hearts, 
76. at nas Aai function i$ maintained by virtue vf sympathetic drive which 
(0 sho ii be jreserved In the presence of AV block, bera blockade may prevent the 
tet es facilitating effect of sympathetic activity on conduction Beta blockade 
- results in bronchial constriction by interfering with adrenergic bronchodilator 
— activity which should be preserved in patients subject 10 bronchospasm 
p. The proper objective of beta blockade therapy is to decrease adverse 

(sm path e Stimulation but not to the degree that may impair necessary 
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Support. 

h 7 Propane ert its antiarrhythmic effects in concentrations associated with 
5 ‘beta-adrenergic blockade and this appears t0 be as pnncipal antiarrhythmic 
of of action. The membrane effect also plays a role, particularly. some 
horities believe, «n digitalis-induced arrhythmias. Beta-adrenergic blockade is 
D n» unique importance i the management of arrhythmias due to increased levels 
iJ E caculating catecholamines or enhanced sensitivity of the hear! to catechola- 
(arrhythmias associated with pheochromocytoma, thyrotoxicosis. exer- 
1d LZ 

dn dosages greater than required for beta blockade, INDERAL also exerts a 
us e or anesthetic-like membrane action which affects the cardiac action 
D enel and depresses cardiac function. 


INDICATIONS: Cardiac Arrhythmias: 
fh ] Supraventncular arrhythmias 

m a) Paroxysmal atrial tachycardias. particularly those arrhythmias induced by 

[ Ms cat or digitalis or associated with the Wolff-Parkinson-White 
= syndrome. (See W-P-W under WARNINGS | 

= b) Persistent sinus tachycardia which is noncompensatory and impairs the 

.. . well-being of the patient. 

~ C) Tachycardias and arrhythmias due to thyrotoxicosis when causing distress 

of increased hazard and when immediate effec! is necessary as adjunctive, 

short term (2-4 weeks) therapy. 

May be used with, but not in place of, specific therapy. (See Thyrotoxicosis 

under WARNINGS | 

d) Persistent atrial extrasystoles which impair the well-being of the patient 

and do not respond to conventional measures. 

e] Atnal flutter and fibrillation when ventncular rate cannot be controlled by 
n digitalis alone, or when digitalis is contraindicated 

= 2) Ventricular tachycardias 

ua Ventnicular arrhythmias do not respond to propranolol as predictably as do the 

supraventncular arrhythmias 

a} Ventncular tachycardias 

With the exception of those induced by catecholamines or digitalis. INDERAL 

1$ not the drug of first choice. In critical situatians when cardioversion 

~ gechnics or other drugs are not indicated or are not effective, INDERAL may 

- e considered. If, alter consideration of the nsks involved, INDERAL is used. 
«t should be given intravenously in low dosage and very slowly. [See DOSAGE 
ANO ADMINISTRATION) Care m the admimstrawon of \NDERAL with 
constant electrocardiographic monitoring is essential as the fading heart 
requires some sympathetic dnve for maintenance of myocardial rone 

. b] Persistent premature ventricular extrasystoles which do not respond to 
conventional measures and impair the well-being of the patient. 


— . 9| Tachyarrhythmias of digitalis intoxication 
E. M digitalisinduced tachyarrhythmias persist followag discontinuance of 
digitalis and correction of electrolyte abnormalities, they are usually reversible 
wath oral INDERAL. Severe bradycardia may occur. (See OVERDOSAGE OR 
EXAGGERATED RESPONSE | 


Intravenous propranolol hydrochloride is reserved for life-threatening arrhyth- 
mas. T maintenance with oral therapy may be indicated. (See 
DOSAGE AND ADMINISTRATION | 


(4 | Resistant tachyarrhythmias due to excesswe catecholamine action during 
anesthesia 
Tachyarrhythmias due to excessive catecholamine action during anesthesia 
may sometimes anse because of release of endogenous catecholamines or 
administration of catecholamines. When usual measures fal in such 
arrhythmias, INDERAL may be given intravenously to abalish them. All general 
inhalation anesthetics produce some degree of myocardial depression. 
Therefore, when INDERAL is used to treat arrhythmias during anesthesia, it 
-~ should be used with extreme caution and constant ECG and central venous 
= pressure monitoring (See WARNINGS. | 








Hypertrophic Subaortic Stenosis: INDERAL is usetul in the management of 
hypertrophic subaortic stenosis, especially for treatment of exertional or other 
stressinduced angina, palpitations, and syncope. INDERAL also improves 
exercise performance. The effectiveness of INDERAL in this disease appears to be 
due to a reduction of the elevated outflow pressure gradient which is exacerbated 
by beta receptor stimulation. Clinical improvement may be temporary 


Pheochromocytoma: After primary treatment with an alpha-adrenergic blocking 
agent has been instituted, INDERAL may de useful as adjunctie therapy if the 
control of tachycardia becomes necessary before or during surgery. 

It ıs hazardous to use INDERAL (propranolol hydrochloride} unless alpha- 
adrenergic blocking drugs are already im use, since this would predispose to 
serious blood pressure elevation. Blocking only the peripheral dilator (beta) action 
of epinephrine leaves its constrictor (alpha! action unopposed. 

In the event of hemorrhage or shock, there is a disadvantage in having both 
beta and alpha blockade since the combination prevents the increase in heart 
rate and penpheral vasoconsinction needed to maintain blood pressure 

With inoperable or metastatic pheochromocytoma, INDERAL may be useful as 
an adjunct to the management of symptoms due to excessive beta receptor 
stimulation, 


CONTRAINDICATIONS: INDERAL is contraindicated in. 1) bronchial asthma. 
2) allergic rhinitis during the pollen season 3} sinus bradycardia and greater than 
first degree block; 4) cardiogenic shock. 5) right ventricular failure secondary to 
pulmonary hypertension; 6) congestive hear: failure (see WARNINGS) unless the 
failure is secondary to a tachyarrhythmia treatable with INDERAL. 7) in patients 
on adrenergic-augmenting psychotropic drugs (including MAO inhibitors), and 
during the two week withdrawal period from such drugs 


WARNINGS: CARDIAC FAILURE. Sympathenic stimulation is a vital component 
Supporting circulatory function in congestive heart failure, and inhibition with 
beta-blockade always carnes the potential hazard of further depressing 
myocardial contractiliry and precipitating cardiac failure. INDERAL acts selec- 
tively without abolishing the inotropic action of dignahs on the heart muscle (/ e.. 
that of supporting the strength of myocardia! contractions). In patients already 
recewing digitalis. the positive inotropic action. of digitalis may be reduced by 
INDERAL's negative inotropic effect. The effects of INDERAL and digitalis are 
additive in depressing AV conduction 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE. continued 
depression of the myocardium over a period of time can, in some cases. lead to 
cardiac failure. In rare instances, this has been observed during INDERAL 
therapy. Therefore. at the first sign or sympiom of impending cardiac failure, 
patients should be fully digitalized and/or gwen a diuretic, and the response 
observed closely. a) if cardiac failure continues, despite adequate digitaliration 
and diuretic therapy. INDERAL therapy should be immediately withdrawn. b) if 
tachyarrhythmia is being controlled, patients should be maintained on combined 
therapy and the patient closely followed until threat of cardiac failure is over 


IN PATIENTS WITH ANGINA PECTORIS. there have been reports of 
exacerbation of angina and. in some cases, myocardial infarction, 
following abrupt discontinuation of INDERAL therapy. Therefore, when 
discontinuance of INDERAL is planned the dosage should be gradually 
reduced and the patient carefully monitored. In addition. when 
INDERAL is prescribed for angina pectons. the patent should be 
Caulioned agains! interruption or cessation of therapy without the 


physician's advice. 1f INDERAL therapy is interrupted and exacerbation 
of angina occurs, it usually 1s advisable to institute INDERAL therapy 
and take other measures appropriate for the management of unstable 
angina pectoris. Since coronary artery disease may be unrecognized. it 
may be prudent to follow the above advice in patients considered at risk 
of having occult atherosclerotic heart disease. who are given 
propranolol for other indications. 





IN PATIENTS WITH THYROTOXICOSIS, possibie deleterious effects from long 
term use have not been adequately appraised. Special consideration should be 
given to propranolol’s potential for aggravating congestive heart failure. 
Propranolol may mask the clinical signs of developing or continuing hyperthy- 
roidism or complications and give a false impression of improvement. Therefore, 
abrupt withdrawal of propranolol may be followed by an exacerbation of 
symptoms of hyperthyroidism, including thyroid storm. This is another reason for 
withdrawing propranolol slowly. Propranolol does not distort thyroid function 
tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases 
have been reported in which, after propranolol, the tachycardia was replaced by a 
severe bradycardia requiring a demand pacemaker In one case this resulted after 
an initial dose of 5 mg propranolol 

IN PATIENTS DURING ANESTHESIA with agenis that require catecholamine 
release for maintenance of adequate cardiac funcwon. beta blockade will impair 
the desired inotropic effect. Therefore. INDERAL shauld be titrated carefully when 
administered for arrhythmias occurting during anesthesia 

IN PATIENTS UNDERGOING MAJOR SURGERY beta blockade impairs the 
ability of the heart to respond to reflex stimuli. For this reason, with the exception 
of pheochromocytoma. INDERAL should be withdrawn 48 hours prior to surgery. 
at which time all chemical and physiologic effects are gone according to available 
evidence. However. in case of emergency surgery, since INDERAL is a competitive 
inhibitor of beta receptor agonists, its effects can be reversed by administration 
of such agents, e.g. isoproterenol or levarterenal. However, such patients may 
be subject to protracted severe hypotension Difficulty in restarting and 
maintaining the heart beat has also been reported 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g. CHRONIC 
BRONCHITIS, EMPHYSEMA), INDERAL should be administered with caution 
since it may block bronchodilation produced by endogenous and exogenous 
catecholamine stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its 
beta-adrenergic blocking activity, INDERAL may prevent the appearance of 
premonitory signs and symptoms (pulse rate and pressure changes) of acute 
hypoglycemia. This ıs especially important to keep in mind in patients with labile 
diabetes. Hypoglycemic attacks may be accompanied by a precipitous elevation 
of blood pressure. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not 
been established. Use of any drug in pregnancy ar women of childbearing 
potential requires that the possible nsk to mother and/or fetus be weighed 
against the expected therapeutic benefit. Embryotane effects have been seen in 


animal studies at doses about 10 times the maamum recommended human 
dose. l 


PRECAUTIONS: Panents recewing catecholamine depleting drugs such as 
reserpine should be closely observed if INDERAL is administered The added 
catecholamine biocking action of this drug may then produce an excessive 
reduction of the resting sympathetic nervous activity. Occasionally, the 
pharmacologic activity of INDERAL may produce hypotension and/or marked 
bradycardia resulimg in vertigo, syncopal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory parameters 
should be observed at regular intervals. The drug should be used with caution in 
patients with impaired renal or hepatic function. 


ADVERSE REACTIONS: Cardiovascular. bradycardia, congestive heart failure; 
imtensifeation of AV block. hypotension, paresthesia of hands; artenal 
insufficiency, usually of the Raynaud type. thrombocytopenic purpura 

Central Nervous System. lightheadedness: mental depression manifested by 
nsomma, lassitude, weakness, fatigue; reversible mental depression progressing 
to catatonia; visual disturbances; hallucinations, an acute reversible syndrome 
characterzed by cisorientation for time and place. short term memory loss. 
emotional lability. slightly clouded sensonum, and decreased performance on 
neuropsychometrics 

Gastramtestinal nausea, vomiting, epigastric distress, abdominal cramping. 
diarrhea, constipation, mesentenc arterial thrombosis. ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined 
with aching and sore throat, laryngospasm and respiratory distress 

Respiratory. bronchospasm 

Hemaiologic. agranulocytosis. nonthrombocytopenic purpura, thrombocyto- 
penic puraura 

Mescellaneous. reversible alopecia. Oculomucocutaneous reactions involving 
the skin, serous membranes and conjunctwae reported for a bera blocker 
ipractolol) have not been conclusively associated with propranolol. 

Chmcai Laboratory Test Findings: Elevated blood urea levels in patients with 
severe heart disease. elevated serum transaminase, alkaline phosphatase, lactate 
dehydrogenase 
DOSAGE AND ADMINISTRATION: The dosage range for INDERAL 
uo hydrochloride) is different for each indication. 


ARRHYTHMIAS —10-30 mg three or four times daily, before meals and at 
bed'ime. 

HYPERTROPHIC SUBAORTIC STENÜSIS — 20-40 mg three or four times daily, 
before meais and at bedtime. 

PHEOCHROMOCYTOMA—Preoperanvely—60 mg daily n divided. doses for 
three days pnor to surgery, concomitantly with an alpha-adrenergic blocking 
agent. 

—Management of inogerable tumor— 30 mg daily in divided doses. 

PEDIATRIC DOSAGE: At this time the data on the use of the drug in this age group 
are too limited to permit adequate directions for use. 

INTRAVENOUS: Intravenous administration is reserved for Me-threatening 
arrhythmias or those occurring under anesthesia. The usual dose is from 1 to 3 
mg administered under careful monitoring, e.g., electrocardiographic, central 
venous pressure. The rate of administration should not exceed 1 mg (1 ml) per 
minute t0 diminish the possibility of lowering blood pressure and causing cardiac 
standstill. Sufficient time should be allowed for the drug to reach the site of 
action even when a slow circulation is present. If necessary. a second dose may 
be given after two minutes. Thereafter, additional drug should not be given in less 
than tour hours. Additional INDERAL should not be gwen when the desired 
alterauon in rate and/or rhythm is achieved. 

Transterence to oral therapy should be made as soon as possible. 

The intravenous administration of INDERAL has not been evaluated 
adequately in the management of hypertensive emergencies. 


OVERDOSAGE OR EXAGGERATED RESPONSE: 
IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE. THE FOLLOWING 
MEASURES SHOULD BE EMPLOYED 
BRADYCARDIA—ADMINISTER ATROPINE (0.25 to 1.0 mg). IF THERE IS NO 
RESPONSE TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 
CARDIAC FAILURE —DIGITALIZATION ANO DIURETICS. 
HYPOTENSION—VASOPRESSORS, e.g. LEVARTERENOL OR EPINEPHRINE 
(THERE IS EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE.) 
BRONCHOSPASM—ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE 


HOW SUPPLIED: INDERAL (propranolol hydrochloride) 


TABLETS 

No. 461—Each scored tablet contains 10 mg of propranolol hydrochloride, in 
bottles of 100 and 1 000. Also in unit dose package of 100. 

No. 452—Each scored tablet contains 20 mg of propranolol hydrochlonde. in 
bottles of 100 and 1,000. Also in unit dose package of 100 

No. 464—Each scored tablet contains 40 mg of propranolol hydrochloride. in 
bottles of 190 and 1,000. Also in uni! dose package of 100. 

No. 468—Each scored tablet contans 80 mg of propranolol hydrochlonde, in 
bottles of 100 and 1,900. Also in unit dose package of 100. 


INJECTABLE 

No. 3265—Eath ml contains 1 mg of propranolol hydrochlonde in Water for 
Injection. The pH is adjusted with citne acid. Supplied as: 1 ml ampuls in 
boxes of 10. 


REFERENCES: 1. Shand. D.G.: N. Engl. J. Med. 293.280 (Aug. 7) 1975. 2. 
Conn, RO.: Postgrad. Med. 55(No. 2).13! (Feb) 1974. 3. Fors, WJ., 
Vanderank, C.R.. and Reynolds, EW.: Am. J. Cardiol. 27.190 (Feb.) 1971. 4. 
Levi, GF. and Proto, C.: Cardiology 55.249, 1970. 5. Stem, S.: Am. Heart J. 
74|No. 21:170 Aug.) 1957. 6. Luna, M.H., Adelson, E.l., and Miller, A.J.: 
Circulation 34.767 (Nov. 1966. 7. Gianelly, R.E.. Griffin, J.R., and Harrison, 
D.C.: Ann. Intern Med. 66-667 (Apr.] 1967. 8. Coodley. EL.. and Snyder, S.: 
Am. Fam. Physician /4(No. 5).146 (Nov.) 1976. 9. Miller, R.R., Amsterdam, 
E.A.. and Mason, D.T.: Drug Therapy 5.110 (Feb.) 1975. 10. Danahy, O.T., and 
Aronow. W.S . Postgrad. Med. 67[No. 1):113 (Jan) 1977. 11. Gettes, L.S.: 
Med. Opimon 5(No. 9.19 (Sept.] 1976. 12. Gianelly, R.E.. and Harnson, D.C- 
Genatncs 25.120 (Apr) 1970. 13. Michaelson, S.P., and Wolfson, S.: 
Cardiovasc. Med. / (No. 3:213 (Nov.) 1976. 14. Wit, A.L., Hoffman, B.F., and 
Rosen, M.R.: Am. Heart J. 90(No. 5).665 (Nov.) 1975. 15. Bigger, J.T., and 
Giardina, EGY: Cardiovasc. Clin. ANo. 2).103, 1974. 
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This is the Quinton Model 18-54 Cardio Exercise 
Treadmill. It's the world’s most popular model and you'll 
find it serving around the world, adding a touch of quality 
to all kinds of stress test systems. 

Here are a few reasons for popularity. Value — its 
nileage-tested mechanical components and endless 
1ylon belt assure a long trouble-free life. Versatility — 
spacious 18-by-54 inch non-skid walking surface, plus 
2asy-access low profile, make it ideal for a wide range of 
applications including physicians’ offices, clinics, hos- 
ditals, institutions and industries. Convenience — stan- 
jard remote control panel provides easy, metered 
'egulation of belt speeds from 1 to 10 mph and grades 





Quinton's always 


from 0 to 25 with push-button ease. 

The 18-54 is one of many models and sizes of Quinton 
treadmills, ranging from a unit used in small animal 
laboratory research to a 24-by-72 inch clinical research 
model. They are all designed to interface with a range of 
quality Quinton electronic exercise test components to 
provide the most complete family of stress test systems 
available. 

If you're looking at stress test systems, be sure you 
look at the total picture. Quinton can help you develop a 
complete system, integrating equipment and elec- 
tronics precisely to your needs. We'll show you why you 
cant beat the system! 
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QUINTON 


INSTRUMENT COMPANY 
2121 Terry Ave./ Dept. T-4-B/Seattle, WA 98121/(206) 223-7373/Toll Free 1-800-426-0538/Telex 32-8840 79-2 


















IBM Biomedical Systems a 
P.O. Box 10, Dept. NA 
Princeton, New Jersey 08540 


O Please send me information 
on the IBM 5880 ECG Acquisition 
and Analysis System. 


O Please ask your representative 
to call for an appointment. 


MD 
Hospital 
Street 
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ECG interpretation 
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The new IBM 5880 ECG Acquisition and 
Analysis System—an aid to informed 
decision making and quality patient care. 


Using the IBM ECG Analysis Program, designed by R. E. 
Bonner of IBM in consultation with patient-care cardiologists, 
the system provides a computer-assisted ECG interpretation 
for physician review within minutes—right at patient bedside. 
* Consists of a modern, mobile 3-channel electrocardio- 
graph using the IBM ECG Analysis Program 
* Provides a valuable aid to improved patient care in 
hospitals, groups, clinics, HMOs and in occupational medicine 
* Offers, in STAT situations, prompt ECG acquisition and 
analysis, around the clock 
e Serviced by the existing IBM customer engineering 
organization, located countrywide for rapid response 
For information call toll-free 
800/631-5582 (in New Jersey, TTE Biomedical 
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eos gus mg Scored (yellow), 1.D. imprint Y Y3B 
25 mg Scored (white), 1.D. Imprint X3A 
0.5 mg Scored (green), I.D. Imprint T9A 


-. LANOXIN* 


(DIGOXIN) 


ELIXIR PEDIATRIC 50 mcg (0.05 mg) per cc 


INDICATIONS: 
1. Congestive heart failure: Congestive heart failure, all degrees, is the primary indication. The 
increased cardiac output due to digoxin results in diuresis and general amelioration of the disturbances 
aly leg of right (venous Congestion, edema) and left (dyspnea, orthopnea, cardiac asthma) 
eart failure 

Digoxin, generally, is most effective in “low output" failure and less effective in "high output" 
(bronchopulmonary insufficiency, infection, hyperthyroidism) heart failure. 

Digoxin should be continued after heart failure is abolished unless some known precipitating 
factor is corrected. 


2. Atrial fibrillation: Atrial fibrillation, especially when the ventricular rate is elevated. Digoxin 
rapidly reduces ventricular rates and eliminates the pulse deficit. Palpitation, precordial distress or 
weakness are relieved and any concomitant congestive failure ameliorated. Digoxin should be 
continued in doses necessary to maintain the desired ventricular rate and other clinical effects. 


3. Atrial flutter: Digoxin slows the heart and regular sinus rhythm may appear. Frequently the 
flutter is converted to atrial fibrillation with a slow ventricular rate. Stopping digoxin at this point 
may be followed by restoration of sinus rhythm, especially if the flutter was of the paroxysmal 
type. It is preferable, however, to continue digoxin if failure ensues or if atrial flutter is a frequent 
occurrence. 


4. Paroxysmal atrial tachycardia: Oral digoxin may be used, especially if the condition is resistant 
to lesser measures. Depending on the urgency, a more rapid acting parenteral preparation may 
-~ be preferable to initiate digitalization, although if heart failure has ensued or paroxysms recur 

frequently, digoxin should be maintained by oral administration. 

Digoxin is not indicated in sinus tachycardia unless due to heart failure. 
5. Cardiogenic shock: The drug is often employed, especially when the condition is accompanied 
by pulmonary edema. Digoxin seems to affect adversely shock due to septicemia from gram- 
negative bacteria. 
CONTRAINDICATIONS: The presence of toxic effects (see ADVERSE REACTIONS section) in- 
duced by any digitalis preparation is a contraindication to all of the glycosides. 

Allergy, though rare, does occur. It may not extend to all preparations, and another may be 


tried. 
Ventricular fibrillation. 
WARNINGS: 


| Digitalis alone or with other drugs has been promoted for use in the treatment of obesity. 
= | This use of digoxin or other digitalis glycosides is unwarranted. Moreover, since they may 


cause potentially fatal arrhythmias or other adverse effects, the use of these drugs in the 
| treatment of obesity is dangerous. 


Many of the arrhythmias for which digoxin is advised closely resemble those reflecting digoxin 
intoxication. If the possibility of digoxin intoxication cannot be excluded, cardiac glycosides should be 
temporarily withheld if permitted by the clinical situation. 

The patient with congestive heart failure may complain of nausea and vomiting. These symptoms 
may also be indications of digoxin intoxication. A clinical determination of the cause of these 
symptoms must be attempted before further drug administration. 

Patients with renal insufficiency require smaller than usual doses of digoxin. Newborn infants dis- 
play considerable variability in their tolerance to digoxin, depending on their degree of maturity. 

Premature and immature infants are particularly sensitive, and dosage must be reduced and 
digitalization should be even more individualized and cautiously approached than in more mature 
infants. Impaired renal function must also be carefully taken into consideration. 

Congestive heart failure accompanying acute glomerulonephritis requires extreme care in digitaliza- 
tion. A relatively low total dose administered in divided doses and concomitant use of anti- 
hypertensive drugs has been recommended. ECG monitoring is essential. Digoxin should be dis- 
continued as soon as possible. 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Patients with rheumatic carditis, especially wien severe, are unusually sensitive to digoxin and 
prone to disturbances of rhythm. If heart failure develops, digitalization may be initiated with 
relatively low doses; then it can be cautiously increased until a beneficial effect is obtained. If a 
therapeutic trial does not result in improvement, the drug should be considered ineffective and be 
discontinued. 

Note: Digitalis glycosides are an important cause of accidental poisoning in children. 


PRECAUTIONS: Atrial arrhythmias associated with hypermetabolic states are particularly resistant 
to end treatment. Care must be taken to avoid digoxin toxicity if digoxin is used to help the 
arrhythmia. 

Digoxin is not indicated for the treatment of ventricular tachycardia unless congestive heart 
failure supervenes after a protracted episode not itself due to digoxin. 

Potassium depletion sensitizes the myocardium to digoxin and toxicity may develop even with 
usual dosage. Hypokalemia may also alter the rate of onset and intensity of the positive inotropic 
effect of digoxin. Therefore, it is desirable to maintain normal serum potassium levels in patients 
being treated with digoxin. 

Potassium wastage may result from diuretic or corticosteroid therapy, hemodialysis, and from 

.. Suction of gastrointestinal secretions. It may accompany malnutrition, diarrhea, prolonged vomiting, 
old age, and long-standing congestive heart failure. In general, rapid changes in serum potassium or 
Prep electrolytes are to be avoided, and intravenous treatment with potassium should be reserved on 
f ial circumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCE 
BY OVERDOSAGES section). 

Patients with acute myocardial infarction, severe pulmonary disease, or far advanced heart 
failure may be more sensitive to digoxin and more prone to disturbances of rhythm. 

Calcium affects contractility and excitability of the heart in a manner similar to that of digoxin. 
Calcium may produce serious arrhythmias in digitalized patients. 

In myxedema, the digoxin requirements are less because excretion rate is decreased and blood 
levels are significantly higher. 

In incomplete A-V block. especially in patients subject to Stokes-Adams attacks, advanced or 
complete heart block may develop if digoxin is given. Heart failure in these patients can usually 
be controlled by other measures and by increasing the heart rate. 

Patients with chronic constrictive pericarditis may respond unfavorably to digoxin. 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 
= Renal insufficiency delays the excretion of digoxin and dosage must be adjusted accordingly in 
.. patients with renal disease. Note: This applies also to potassium administration should it become 

necessary. 

Electrical conversion of arrhythmias may require reduction of digoxin dosage. 

- Dosage must be carefully titrated and differences in the bioavailability of parenteral preparations, 
[o and tablets should be taken into account when switching patients from one preparation 


nother 
. Electrocardioaraphic monitoring may be necessary to avoid intoxication. 
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ADVERSE | 
Gynecomast 
Overdose or toxic effects in adults: 
Gastrointestinal: Anorexia, nausea, vanum, res are the most common early symptoms. so 
CU 











overdosages in the adult (but rarely conspicuous in infants). Uncontrolled heart failure may also 
produce such symptoms. 

Central nervous system: Visual disturbances (blurred vision, yellow vision), headache, weakness, 
apathy. E 

Cardiac disturbances (arrhythmias): Ventricular premature beats are the most common, exc 
in infants and young children. Paroxysmal and nonparoxysmal nodal rhythms, atrioventricular d 
ference) dissociation and paroxysmal atrial tachycardia (PAT) with block are also common arrhythmias — 
due to digoxin overdosage. ah 

Conduction disturbances: Excessive slowing of the pulse is a clinical sign of digoxin overdosage. B 
Atrioventricular block of increasing degree may proceed to complete heart block. Note: The 
electrocardiogram is fundamental in determining the presence and nature of these cardiac toxic - 
disturbances. Digoxin may alse induce other changes (as of the ST segment), but these provide "3 i 
measure of the degree of digitalization. : 


Overdose or toxic effects in children: t 
Toxic signs differ from the adult in a number of respects. Cardiac arrhythmias are the more "n 
reliable and frequent signs of toxicity. S A 
Vomiting and diarrhea, neurologic and visual disturbances are rare as initial signs. bc 
Premature ventricular systoles are rarely seen; nodal and atrial systoles are more frequent. 
Atrial arrhythmias, atrial ectopic rhythms, and paroxysmal atrial tachycardia with A-V block 
particularly are more common manifestations of toxicity in children. * 
Ventricular arrhythmias are rare. E: 


TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE: Digoxin should be discontinued E 
until all signs of toxicity are abolished. Discontinuation may be all that is necessary if toxic - 
manifestations are not severe and appear after the time for peak effect of the drug. 1 
Potassium salts are commonly used. Potassium chloride in divided oral doses totaling 4-6 —- E. 
grams for adults (see PEDIATRIC INFORMATION section for pediatric dosage) may be given , E. 
provided renal function is adequate. 
When correction of the arrhythmia is urgent and the serum potassium level is low or normal, - 
potassium should be administered intravenously in a solution of 5 percent dextrose in water. A total — 
of 40-100 milliequivalents (30 milliequivalents per 500 milliliters) is given at the rate of 20 
milliequivalents per hour unless limited by pain due to local irritation. : 
Additional! amounts may be given if the arrhythmia is uncontrolled and the potassium well. 
tolerated. Bo 
Continuous electrocardiographic monitoring should be performed to watch for any evidence of - 
potassium toxicity, e.g., peaking of T waves, and to observe the effect on the arrhythmia So that 
the infusion may be promptly stopped when the desired effect is achieved. 


Caution: Potassium should not be used and may be dangerous for severe or complete heart block - 

due to digoxin and not related to any tachycardia. E 
Other agents that have been approved for the treatment of digoxin intoxication include procainamide, à 

lidocaine, and propranolol. er 


Pediatric Information: (See adult section for other recommendations for the treatment of arrhythmias 
produced by overdosages and for additional recommendations and cautions regarding the use of — 
potassium.) Potassium preparations may be given orally in divided doses totaling 1-1.5 milliequiv- 
alents/kilogram (1 gram K contains 13.4 milliequivalents). When correction of the arrhythmia is urgent, - 3 3 
approximately 0.5 milliequivalents/kilogram of potassium per hour may be given, with careful E E 
electrocardiographic monitoring, as a solution of 20 milliequivalents or less for 500 milliliters in 4 
5 percent dextrose in water. The total dose should generally not exceed 2 milliequivalents of 5 
potassium/kilogram. 


DOSAGE AND ADMINISTRATION: Oral digoxin is administered slowly or — as required until - 
the desired therapeutic effect is obtained without symptoms of overdosage. The amount can be 
predicted approximately from the lean body mass of the patient with allowances made for excretion - 
during the time taken to induce digitalization. k 

Subsequent maintenance dosage is also determined tentatively by the amount necessary- w 5 
sustain the desired therapeutic effect. ig 

Recommended dosages are practical average figures that may require considerable modificati ps 
as dictated by individual sensitivity or associated conditions. Diminished renal function is the | 
important factor requiring modification of recommended or average doses. (See WARNINGS ai 
PRECAUTIONS sections.) ^ 

The average amount of digoxin that patients must accumulate to be digitalized with seus bye < 
tablets is 1.0-1.5 milligrams. Digitalization may be accomplished by any of several approaches that 
vary in dosage and frequency of administration, but reach the same endpoint in terms of ue 
amount accumulated. 

In previously undigitalized patients, a single loading dose of 0.5-0.75 "n sores 
produces a detectable effect in 1-2 hours that becomes maximal in 6-8 hours itional doses. 
0.25-0.5 milligram may be given cautiously at 6-8 hour intervals to full digitalization. 

In previously undigitalized patients, institution of daily maintenance therapy (0.125-0.5 — 
see next paragraph) without a loading dose results in development of steady-state plateau con 

centrations in about 7 days in patients with normal renal function. a 

The average TOS oral maintenance dose is 0.125-0.5 milligram, usually 0.25 milligram. In the 
elderly patient, 0.125-0.25 milligram should be considered the average maintenance dose. — — 

In patients with renal impairment, digoxin excretion is impaired and serum half-life is prolonge: " 
Digitalizing and maintenance doses are lower than those recommended for patients with normal renal 
functions. Signs of digoxin toxicity develop sooner in patients with renal ipee ,andit beg 
for toxic signs and symptoms to disappear. Because of the prolonged half-life, a longer 
is required to achieve an initial or new steady-state plateau in patients with renal i entrer 3m 
patients with normal renal function. 

It cannot be overemphasized that the values given are averages and substantial individual variation 
can be expected. 

Children: Digitalization must be individualized. Generally, premature and immature infants are par- - 
ticularly sensitive, requiring reduced dosage that must be determined by careful titration. MA 


M 
Oral Dosage. Beyond the immediate newborn period, children require proportionally greater doses - E. d 
than adults on the basis of body weight or surface area. The recommended oral digitalizing dosages — 
in children with normal renal function are: ng 
Newborn infants (normal), up to 1 month, require 40-60 micrograms (mcg)/kilogram. 
Infants, 1 month to 2 ek require approximately 60-80 micrograms (mcg)/kilogram. "29 
Children, 2 years to 1 rs, require 40-60 micrograms (mcg)/kilogram one 
Children, over 10 years ey age, require adult dosages in proportion to their body weight. — NS. 
Maintenance therapy is 20- ‘percent of the digitalizing dose administered each day. . ae 
Long term use of digoxin is indicated in almost all infants who have been digitalized for acute - T 
congestive heart failure unless the cause is transient. Many favor maintaining digoxin until at least — 
2 pus f feai in all infants with paroxysmal atrial tachycardia or in those who show either definite n. 
or latent failure. 
id Pky with severe inoperable congenital defects need digoxin throughout childhood n 
often for life 
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m Quality, economy, and efficacy over the years. 

um Only B.W. Co? processes from the leaf to the tablet. 

m Afull range of dosage forms and strengths. 

m Please see prescribing information on preceding page. 
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CLINICAL STUDIES 


Right Ventricular Infarction 


Clinical Diagnosis and Differentiation From Cardiac Tamponade and 
Pericardial Constriction 


BEVERLY LORELL, MD Twelve patients with a clinical diagnosis of right ventricular infarction are 
ROBERT C. LEINBACH, MD, FACC described. All had acute inferior wall myocardial infarction associated 
GERALD M. POHOST, MD, FACC with the bedside findings of jugular venous distension, clear lungs on 
HERMAN K. GOLD, MD, FACC ! auscultation, and arterial hypotension. Hemodynamically, there was el- 
ROBERT E. DINSMORE, ] m. AMT evation of right-sided filling pressures not explained by normal or minimally 
DUUM fe ers ate ASC elevated pulmonary wedge pressures. Four patients had an incorrect 
JOHN O. PASTORE, MD, FACC DE pede n obs | 
ROMAN W. DESANCTIS, MD, FACC diagnosis of acute cardiac tamponade. However, a review of the data 
| showed that the hemodynamic features of right ventricular infarction more 
Boston, Massachusetts closely resemble those of pericardial constriction, a point that may be 
helpful in distinguishing right ventricular infarction from cardiac tam- 
ponade. Invasive and noninvasive techniques that exclude the presence 
of pericardial fluid and suggest enlargement and abnormal contractility 
of the right ventricle were helpful in establishing the diagnosis of right 
ventricular infarction in several patients. 1 


Right ventricular infarction should be suspected when there is evidence - 
of right ventricular dysfunction in the setting of acute inferior myocardial | 
infarction.! Clinically significant right ventricular infarction is char- _ 
acterized by an elevated systemic venous pressure, clear lungs and, fre- 
quently, arterial hypotension. Hemodynamically, right ventricular filling — 
pressures are equal to or greater than those of the left ventricle.*4 Recent — 
studies utilizing data from hemodynamic measurements and cardiac 
radionuclide imaging suggest that right ventricular damage may be j 
present in as many as 19 to 43 percent of patients with acute inferior | 
From the Department of Medicine, Massachusetts myocardial infarction.?-? However, right ventricular infarction is still | 


General Hospital (Cardiac Unit), and Harvard 3 
OD. coot. Besten Meiéechusétts: The often unrecognized and, as indicated i in this report, may be misdiagnosed - 


study was supported in part by Grant HL-17665 as acute cardiac tamponade. 1 
from the U. S. Public Health Service, Bethesda, In this paper we describe 12 patients with the clinical diagnosis of right | 

Maryland. Manuscript received May 2, 1978; re- ventricular infarction seen at the Massachusetts General Hospital be-3 
vised manuscript received October 20, 1978, tween January 1971 and September 1977. Four of the 12 were erro- - 


accepted October 25, 1978. : y» 
Address for reprints: Roman W. DeSanctis, MD. neously thought to have acute cardiac tamponade. Our report particu 


Cardiac Unit, Massachusetts General Hospital, larly emphasizes the clinical diagnosis of right ventricular infarction and — 
Boston, Massachusetts 02114. its differentiation from acute cardiac tamponade. 





. TABLE | 
Clinical and Hemodynamic Characteristics of 12 Patients With Suspected Right Ventricular Infarction 


Age (yr) 
& Sex 


55M 
69F 
62F 
63M 
69M 
87M 
64M 
61M 
54M 


Pressures 
PA 


33/14 
24/17 
20/8 
-1/15 

efe. 
23/11 
25/16 
25/15 
28/15 


Pressor ; 
RV 


33/12 
24/17 


BP. PVR CI 


98/50 
75/50 
90/60 
90/60 
92/60. 
70/40 
100/75 

... 100/80 
82/46 


=/15 | 
-2 Discharged 
Discharged 
Died | 
Discharged 
 Discharged 


NON ——— 
www 


25/16 
30/15 
28/14 


OBNOMHhWH 


10 
11At 
11Bt 
12 


63M 
69F 


53F 


96/72 
78/50 
110/50 | 
104/80 


* Infusion of pressor agents during lonina measurements. 


28/7 


—/8 Discharged 
Discharged; chronic 
right ventricular failure 


Discharged 


mE 
| ~j * 


186 
136. 


25/4 
_ 30/12 


M 
ow 


t Patient 11 was restudied by right heart catheterization 7 days after infarction. 


BP = blood pressure (mm Hg); Cl = 


cardiac index (liters/min per m?); ECG = electrocardiogram: IMI = inferior myocardial infarction; IPMI = 


inferoposterior myocardial infarction; PA = pulmonary arterial pressure (mm Hg); PCW = pulmonary capillary wedge pressure (mm Hg); PVR = 
pulmonary vascular resistance (dynes sec cm~); RA = mean ron atrial pressure (mm Hg); RV = SHE Eo. ras pressure (mm Hg). 
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Methods 
Patients: The records of 306 patients with electrocardio- 


— graphic evidence of acute inferior or inferoposterior i infarction 


admitted to the Myocardial Research and Ischemic SCOR 
units between January 1971 and September 1977 were re- 


trospectively reviewed. The following criteria were used to 


identify patients with suspected right ventricular infarction: 


s (1) acute inferior or inferoposterior infarction on electrocar- 
— diography; (2) jugular venous pressure estimated or measured 


to be higher than 10 cm H20; (3) clear lungs on auscultation; 


and (4) absence of interstitial pulmonary edema or infiltrates 


on chest X-ray films. We recognized that elevation of pul- 


monary wedge pressure precedes the appearance of abnormal - 
chest X-ray film findings. Therefore, we also required docu- 


mentation of right heart filling pressures greater than or _ 


within 2 mm Hg of the pulmonary wedge pressure. No patient 

was included who had a history of lung disease or clinical or 

electroeardiographic evidence of chronic cor pulmonale. - 
Of the 306 patients, 8 met the defined criteria for right 


ventricular infarction. Four patients who were seen in con- 


— TABLE Il 


Characteristics of Seven Patients With Equalization of End- 


Diastolic Pressures 


Pulsus 
Paradoxus * 
(mm Hg) 


Kussmaul's Tamponade 
Sign! 


Case no. — Plateau* 


K» 
Kk. 
e. 
ad 


* Inspiratory fall in systolic arterial pressure recorded by indwelling 


. arterial catheter. 


FA 


t Inspiratory rise in mean right atrial pressure. 
* Abnormal early diastolic dip and plateau configuration of the right 
.. ventricular pressure tracing. - 
Initial incorrect diagnosis of cardiac tamponade. 
RVEDP - right ventricular end-diastolic pressure. 


Suspected .— 


sultation by physicians on the cardiac service and who met the 


criteria for right ventricular infarction were added to the 
group. 


Diagnostic HRS Right-sided filling pressures were 
measured using flow-directed balloon catheters in all 12 pa- 
tients. Left ventricular filling pressures were determined from 
the pulmonary wedge pressure; the left ventricular end-dia- 
stolic pressure was also measured in three patients. Pressure 


tracings were recorded using either Hewlett-Packard trans- 


ducers and recorders, or Gould multichannel Brush ink re- 


-corders. Cardiac output was determined using the Fick 


method in three cases and the thermodilution method in the 
others. In three cases, coronary arteriography was performed 
with the Sones technique. Cineangiography was performed 
in three cases by injection of contrast medium into the right 
atrium. 

. Echocardiograms in four cases were obtained with an SKI 
20H echograph and Honeywell strip recorder, using the 


technique and range of normal values of cavity dimensions 


described by Feigenbaum and Chang.? : 
Multiple gated blood pool imaging performed in three 
patients utilized a Searle Pho Gamma III camera and the 
Man Numedics computer system, or an Ohio Nuclear Series 
) gamma camera and an MDS PAD computer system. Right 
caos chamber size and contactility were assessed relative to 
that of the left ventricle by two experienced observers. The 
right atrium and ventricle were judged as “markedly dilated,” 


“mildly dilated” or “normal,” and their TET Was 
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scored as "'akinetic, markedly hypokinetic" or “normal.” 
The two observers agreed i in all cases on scoring of size and 


contractility. The same scoring system was used to assess the 


right atrial cineangiograms. 


Results 


Clinical Features 


. History and symptoms: The clinical and hemody- 
namic findings of the 12 patients with suspected right 


ventricular infarction are shown in Table I; there were 


8 men and 4 women, whose ages ranged from 53 to 87 
years. Three patients had a history of prior heart dis- 
ease. One patient had chronic angina, one patient (Case 





11) had a history of partial pericardiectomy for cardiac 
tamponade 15 years before infarction and one patient 
had a previous inferior myocardial infarction. The 
presenting complaint was typical crushing chest pain 
in 10 patients, and nausea with diaphoresis in 2. Four 
patients had collapsed at home and required emergency 
resuscitation. No patient had a history of chronic lung 
disease that could have contributed to right ventricular 
dysfunction. 

Clinical findings: The interval between electro- 
cardiographic diagnosis of acute inferior infarction and 
hemodynamic evaluation ranged from 2 to 72 hours. All 
patients were described as appearing severely ill. All 
patients were initially hypotensive (systolic pressure less 
than 100 mm Hg) and oliguric with urinary output of 
less than 30 ml/hour, and all had cool mottled limbs. 
Four patients were mentally obtunded. Pericarditis, 
evident as a pericardial friction rub, was noted in 11 
patients. With the exception of Case 11, chest X-ray 
films showed no cardiac enlargement or pulmonary 


edema. The initial rhythm was normal sinus in seven 


patients, sinus bradycardia in one patient, Wenckebach 
atrioventricular (A-V) block in one, and complete A-V 
block in three patients. 


FIGURE 2. Case 9. The right atrial 
and right ventricular pulse tracings 
were sequentially recorded, and the 
pulmonary arterial tracing was re- 
corded after a short delay. The right 
atrial pressure is elevated, and the 
wave form shows an X' and promi- 
nent Y descent. There is an early 
diastolic dip-plateau configuration 
of the right ventricular pressure 
tracing. The pulmonary arterial 
systolic pressure is not elevated, 
and the right ventricular pulse 
pressure is narrow, suggesting poor 
systolic function of the right ventri- 
cle. ECG — electrocardiogram. 
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FIGURE 1. Case 2. Simultaneous radial arterial and right atrial pressure 
tracings demonstrating pulsus paradoxus and Kussmaul's sign in < 
patient initially thought to have cardiac tamponade. The phasic fall in: 
systemic arterial pressure that occurred during inspiration corresponds 
with a phasic rise in right atrial pressure during inspiration. ECG = 
electrocardiogram. 
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FIGURE 3. Acute cardiac tamponade without right ven- 
tricular infarction (compare with Fig. 2). As in Figure 2, 


the right atrial (RAP) and right ventricular pressure (RVP) o= 3 
tracings were sequentially recorded. The right atrial RAP 


pressure is elevated, but the right atrial wave form is 
relatively flat and the Y descent is nearly obliterated. Note 
that a steep early diastolic dip-plateau configuration is 
not present in the right ventricular pulse tracing. ECG — 
electrocardiogram; PAP - pulmonary arterial pres- 
sure. 
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IGURE 4. Case 9. Echocardiographic study of the right (RV) and left 

entricles (LV) just below the leve! of the free edge of the mitral valve 

ets. The right ventricle is enlarged. The interventricular septum (IVS) 

hickens poorly in systole, and it appears to move paradoxically away 

Pi t from the left ventricle in systole. There is no evidence of a pericardial 

effusion. CW = chest wall; ECG = electrocardiogram; LVPW = left 
| ventricular posterior wall. 










Hemodynamic data: To clarify the etiology of the 
E bedside findings of right-sided heart failure, right heart 
E Bistheterization was performed. 'The right atrial pressure 
1 in the 12 patients ranged from 11 to 18 (average 14) mm 
A Hg, and the right ventricular diastolic pressure, mea- 
7  suredi in 7 patients, ranged from 12 to 17 (average 14) 
. mm Hg. Right ventricular systolic pressures varied from 
| 24 to 33 (average 28) mm Hg. The pulmonary arterial 
_ systolic pressures ranged from 20 to 33 (average 26) mm 
— Hg. The pulmonary wedge pressures ranged from 8 to 
. 16 (average 12) mm Hg. The pulmonary vascular re- 
- sistance could be calculated in six patients, and ranged 
E from 15 to 136 (average 108) dynes sec cm-5. 
—  Ineach of the three patients (Cases 4, 6 and 9) studied 
_ with coronary arteriography the right coronary artery 
_ was completely occluded; in addition, Patient 4 had 90 
E percent diameter narrowing of the left main coronary 
. artery and Patient 9 had a 60 percent luminal narrowing 
. of the left circumflex artery. 
— Seven patients had equilibration of the right atrial, 
N _ pulmonary diastolic and pulmonary wedge pressures 
— suggesting pericardial disease (Table II). In this 
- subgroup, radial artery monitoring showed pulsus 
oe 
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Scans greater boat 10mm Hgi in five ane Two 
of the seven patients had an abnormal inspiratory rise 
in mean right atrial pressure (Kussmaul’s sign) (Fig. 1). 
Although pressure tracing contours may be difficult to 
assess because of “overshoot” in the absence of high 
fidelity micromanometer catheters, we observed that 
five of the seven patients had a right ventricular tracing 
with a striking early diastolic dip and plateau configu- 
ration and a right atrial tracing with a steep Y descent 
(Fig. 2 and 3). 

Echocardiography: Additional studies were per- 
formed in several patients to evaluate further the right 
ventricle and exclude the presence of pericardial fluid. 
Echocardiograms (obtained in Cases 5, 8, 9 and 11) 
showed no pericardial effusion, but in each of the four 
cases showed right ventricular end-diastolic cavity en- 
largement, defined in this laboratory as greater than 14 
mm/m? (Fig. 4). In two studies, poor systolic septal 
thickening and abnormal systolic anterior septal motion 
were recorded. 

Multiple gated blood pool imaging: This proce- 
dure, performed in Cases 9, 10 and 11, showed in each 
study marked dilatation of the right ventricle relative 
to the left ventricle, and akinesia or marked hypokinesia 
of the body of the right ventricle (Fig. 5). The right 
ventricular apex also appeared markedly hypokinetic 
in two studies. The right atrium was only mildly dilated 
in one study, but in the other two appeared markedly 
dilated and hypokinetic. Each study showed paradox- 
ical systolic motion of the septum away from the left 
ventricle. The left ventricular inferior and infereapical 
walls appeared mildly or markedly hypokinetic in the 
studies. The left ventricular ejection fraction was 
greater than 50 percent in each imaging study. 

Right atrial cineangiography: Marked right ven- 
tricular dilatation relative to left ventricular size was 
also seen in the right atrial cineangiograms (Cases 5, 8 
and 11) (Fig. 6). In each cineangiogram, the body of the 
right ventricle appeared markedly hypokinetic, and the 
inferobasal right ventricular wall appeared mildly hy- 
pokinetic. In each study, the right atrium appeared 
markedly enlarged, and in two it appeared severely 
hypokinetic. Levophase opacification showed left 
ventricular inferior wall akinesia in two studies. and 
posterobasal wall akinesia in the other study. 


Hospital Course 


Arrhythmias: Initial serious management problems 
included disturbances of cardiac rhythm and hypo- 


FIGURE 5. Case 9. Left anterior oblique gated cardiac blood pool 
images in end-systcle and end-diastole. The diagram at left 
shows the location of the cardiac chambers. The right ventricle 
(RV) is markedly dilated and poorly contractile. By comparison, 
the left ventricle (LV) has normal size and contractility. RA — right 
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tension. Nine of the 12 patients required temporary 
demand pacemakers for correction of severe brady- 
cardia or complete A-V block. Five patients required 
intermittent demand pacing for more than 5 days. Atrial 
fibrillation or flutter occurred in six patients and was 
treated with digoxin. Lidocaine or procainamide, or 
both, was given to four patients for frequent premature 
ventricular beats or ventricular tachycardia. 

Hypotension: Hypotension was not alleviated by 
correction of bradycardia alone in any patient. Expan- 
sion of the intravascular volume was tried initially in all 
patients. It successfully corrected hypotension and ol- 
iguria in three patients whose fluid intake ranged from 
2.500 to 6,300 ml/day for the first 48 hours. Nine pa- 
tients were also treated with dopamine, isoproterenol 
or norepinephrine, or combinations of these, and im- 
provement occurred in six of the nine. In three of these 
patients, intraaortic balloon counterpulsation was used, 
but its efficacy was difficult to assess because other 
measures were used simultaneously. However, in Case 
9 multiple paired hemodynamic measurements ob- 
tained with and without counterpulsation showed that 
the counterpulsation resulted in the expected decrease 
in left ventricular filling pressure but did not signifi- 
cantly change the cardiac index or right-sided pres- 
sures. 

Acute cardiac tamponade: This was initially in- 
correctly diagnosed in four patients on the basis of the 
bedside findings and the catheterization findings of 
equilibration of end-diastolic pressures. In three of the 
four, subxyphoid pericardiocentesis was attempted. 
Early in our experience, one patient subsequently un- 
derwent pericardial exploration performed during 
cardiopulmonary bypass, for suspected myocardial 
rupture, but no bleeding point or evidence of rupture 
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-the posterior wall of the right ventricle and the inferior _ 
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END SYSTOLE N 
FIGURE 6. Case 5. End-diastolic (left) and end-systolic (right) frames from a right atrial cineangiogram in a posteroanterior projection performed 

in a patient initially thought to have cardiac tamponade. The right atrium (RA) and right ventricle (RV) are markedly enlarged. The study demonstrated 
generalized right ventricular hypokinesia and akinesia of the inferobasal right ventricular wall. PA = pulmonary artery. $ 
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was found. In the other patients, the diagnosis was ~ 
clarified with echocardiography or right atrial cinean- 
giography, which excluded the presence of pericardial 
fluid and showed dilatation and abnormal contractility 
of the right ventricle. 3 
Later in the hospital course, nine patients had eva- 
nescent right-sided pleural effusions in the absence of — 
interstitial edema, and two had murmurs of tricuspid 
insufficiency, an infrequent finding in inferior infarction 
that may be due to papillary muscle damage or func- — 
tional regurgitation.19:1! A 
Mortality: Three patients died in the hospital. All 
had progressive deterioration of cardiac output and } 
experienced terminal ventricular arrhythmias. Autopsy _ 
was permitted only in Case 4, and showed fibrinous 
pericarditis and total occlusion of the right coronary — 
artery with insignificant atherosclerosis of the other 
coronary arteries. An infarction of 36 to 48 hours’ age | 
involved the right and left posterior ventricular walls, - 
part of the anterior right ventricular wall, and the right © 
atrium. Nine patients were discharged from the 14 to — 
30th hospital day. In one patient (Case 11 with the ` 
history of partial pericardiectomy) chronic right ven- - 
tricular failure developed, and one patient died sud- - 
denly at home 3 months later. ; 










Discussion 


Incidence of right ventricular infarction: Myo- 
cardial infarction is generally regarded as an ischemic 
injury of the left ventricle. That the right ventriclecan 
be the site of major damage from acute myocardial in- _ 
farction has been recognized clinically only recently.’ 
When present, right ventricular infarction is almost 
invariably associated with inferior infarction because _ 
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| ; ed in 14 percent of the 236 patients with 

| transmural infarction, occurring in none of the 97 pa- 
- tients with anterior infarction and in 24 percent of the 
| E! 39 patients with posterior ("inferior") infarction. This 
- incidence is comparable with that reported in an older 


NI 


Er Beroper: series“ of 2,000 patients with transmural i in- 


3 PN appears that the incidence rate of clinically sig- 
- mificant right ventricular infarction is considerably 
- lower than the incidence rate found at autopsy. Thus, 
E we recognized only eight cases of right ventricular in- 
` farction among 306 patients with acute inferior myo- 
E cardial infarction, an incidence rate of 2.6 percent. 
. However, this is undoubtedly a minimal incidence in 
— light of the rigid criteria we used for selecting cases. 
_ Subtle clinical signs of right ventricular infarction might 
— easily be overlooked at the bedside. 
M Clinical diagnostic features and differentiation 
_ from cardiac tamponade and constrictive peri- 
- cardial disease: Recently Cohn and co-workers? drew 
. attention to the important features of right ventricular 
- infarction: an elevated systemic venous pressure, the 
. absence of pulmonary edema, and a low cardiac output. 
- Their patients had the hemodynamic findings of ele- 
vated right-sided filling pressures and normal or mod- 
v estly elevated left-sided filling pressures. Our 12 pa- 
tients exhibited similar clinical and hemodynamic 
— findings. 
E An unusual aspect of our experience was the incorrect 
_ diagnosis of cardiac tamponade in four patients, all of 
É whom were seen before the clinical features of right 
. ventricular infarction were appreciated. In the presence 
_ of pericarditis, which was noted in 11 of our 12 patients, 
. the constellation of an elevated systemic venous pres- 
sure, hypotension, and the occasional occurrence of a 
- paradoxical pulse—all secondary to severe right ven- 
- tricular dysfunction—could be mistaken for cardiac 
_ tamponade. In addition, 7 of our 12 patients had an 
_ equilibration of diastolic pressures as measured in the 
. pulmonary wedge position, pulmonary artery, right 
: ventricle and right atrium. 
- However, on carefully reviewing our hemodynamic 
k data in these seven patients, we were struck by the fact 
b that the findings more closely resembled those of con- 
-~ strictive pericardial disease than those of cardiac tam- 
. ponade. Five of the seven patients had a well preserved 
. and steep right atrial Y descent, and the right ventric- 
ular pressures showed an early diastolic dip and plateau 
configuration. These findings are much more prevalent 
in constrictive disease than in cardiac tamponade, where 
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. the right atrial Y descent is usually attenuated or ab- | 





sent, and right ventricular pressure tracings rarely show 
a prominent dip and plateau configuration.!5-17 

Kussmaul's sign—that is, an inspiratory rise in mean 
right atrial pressure—was documented in two patients. 
This finding is sometimes present with constrictive 
disease but is unusual in cardiac tamponace.!*!9 It is 
possible that the hemodynamic findings in right ven- 
tricular infarction that resemble the findings in con- 
strictive disease are indeed manifestations of right 
ventricular dysfunction combined with the restraining 
effects of the pericardium. 

The use of newer noninvasive methods and the oc- 
casional application of right atrial cineangiography 
are valuable in the diagnosis of right ventricular in- 
farction because they demonstrate the diminished 
systolic performance of the right ventricle. Thus, right 
atrial cineangiography and multiple gated blood pool 
imaging permit qualitative assessment of right ven- 
tricular size and contractility. The dilated and poorly 
contracting right-sided chambers observed with these 
techniques in five of our patients differ strikingly from 
the small, vigorously contracting chambers seen in both 
cardiac tamponade and constrictive pericarditis, in 
which the problem is ordinarily that of limited ven- 
tricular filling with unimpaired systolic emptying. 
Thallium-201 and technetium-99m pyrophosphate 
scintigraphy are promising methods for detecting right 
ventricular infarction and may supplement studies that 
suggest right ventricular dysfunction.® 

We also found echocardiography a useful bedside 
technique in distinguishing between right ventricular 
infarction and cardiac tamponade. In tamponade, the 
presence of pericardial fluid can be demonstrated and, 
in some patients, the exaggerated inspiratory filling and 
expiratory compression of the right ventricle associated 
with tamponade can be detected.”9:?! In our four pa- 
tients with right ventricular infarction studied with 
echocardiography, right ventricular end-diastolic di- 
mensions were uniformly increased. It is not clear to us 
whether the abnormal septal motion detected by both 
the echocardiographic and imaging studies was due to 
ischemic septal damage or to dilatation of the right 
ventricle. 

Differentiation from pulmonary embolism: In 
addition to differentiation from acute cardiae tam- 
ponade, the differential diagnosis of acute right ven- 
tricular failure and systemic hypotension in the setting 
of acute myocardial infarction should also include acute 
pulmonary embolism. However, normal or minimally 
elevated pulmonary vascular resistance measurements 
and pulmonary arterial systolic pressure measurements 
help to exclude massive pulmonary embolism sufficient 
to cause right ventricular failure.?? In our patients, the 
pulmonary vascular resistance and pulmonary arterial 
systolic pressure measurements were normal or mini- 
mally elevated. Hence the marked right ventricular 
failure could only have been due to right ventricular 
dysfunction from the infarction. In patients who might 
have elevation of the pulmonary arterial pressures, such 
as those with chronic pulmonary disease, even a modest 
elevation of the pulmonary arterial pressure eh cause 
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enhancement of any dysfunction of the right ventricle 
that occurred subsequent to its infarction. 

Treatment: The management of our patients in- 
cluded correction of bradyarrhythmias and an initial 
trial of intravascular volume expansion that appeared 
to correct hypotension and oliguria in 3 of the 12 pa- 
tients. In right ventricular infarction, it seems reason- 
able to attempt initial expansion of the intravascular 
volume because the right ventricle may be functioning 
almost as a passive conduit. The use of pressor and in- 
otropic agents and volume expansion appeared to re- 
verse hypotension in six of the nine patients. However, 
our series is too small to permit recommendation of 
specific agents; indeed, drugs that increase pulmonary 
vascular resistance by causing pulmonary vasocon- 
striction could conceivably worsen right ventricular 
failure. 

Systemic afterload reduction induced by intraaortic 
balloon counterpulsation has been useful in treating 
severe left ventricular dysfunction secondary to myo- 
cardial infarction. Intraaortic balloon counterpulsation 
reduces left ventricular filling pressures and cardiac 
work and augments cardiac output. In our experience, 
intraaortic balloon counterpulsation did not appear to 
benefit the three patients with right ventricular i in- 
farction in whom it was tried. This is not surprising, 
because the major beneficial hemodynamic effects of 
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intraaortic balloon counterpulsation would appear t P ; 
be exerted primarily on the systemic arterial circulation " 
and the left ventricle, rather than on the pulmonary - 
arterial circulation and the right ventricle. : 
Prognosis: The mortality rate in this series of 12% 
patients was high: Three of the 12 patients died in the E 
hospital of irreversible cardiac failure and terminal - 
ventricular arrhythmias, and 1 died suddenly at home | 
3 months later. However, there is much to suggest on the - f 
basis of our experience and that of others that e 
outcome is unusually poor. Our hospital is a referral 
center for patients with severe complications of acute - 
myocardial infarction, and several of the patients were 
transferred here for treatment of hypotension. Thus, 
these 12 patients represent a cluster of unusually sick o | 
patients with right ventricular infarction. Certainly the. 
very large incidence of right ventricular involvement - E : 
detected with noninvasive radionuclide studies in pa-  - 
tients with inferior myocardial infarction compared 3 
with the relatively small number who manifest severe ` 
problems from right ventricular dysfunction would in- | 4 
dicate that the overall prognosis is substantially better - 
than that i in our series.? 
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- Cineangiographic Assessment of Left Ventricular Function in the 


One hundred fifteen patients underwent hemodynamic investigation in- 
cluding left cineangiography during the acute phase of transmural myo- 
cardial infarction. Patients were classified into two groups: those with 
anterior myocardial infarction (48 patients) and those with inferior myo- 
cardial infarction (67 patients). There was a good correlation between 
the electrocardiographic site of infarction and the location of ventricular 
dyssynergy. The extent of abnormally contracting segment was 39.3 + 
2 percent (mean + standard error of the mean) in anterior infarction and 
28 + 1.7 percent in inferior infarction. Left ventricular end-diastolic volume 
was normal in inferior infarction and slightly increased in anterior in- 
farction. Left ventricular end-diastolic pressure was significantly increased 
in both groups. The increase in left ventricular end-diastolic pressure was 
related to (1) depressed contractility as demonstrated by the significant 
reduction of ejection fraction and mean velocity of circumferential fiber 
shortening; and (2) changes in left ventricular compliance with a large 
scatter to the left as well as to the right of the pressure-volume curve. 

There was no correlation between the extent of dyssynergy and 
changes in left ventricular end-diastolic compliance but there was a good 
linear correlation between ejection fraction and the extent of abnormally 
contracting segment. In the group with anterior infarction, for the same 
extent of dyssynergy, patients with a decreased end-diastolic compliance 
had a better ejection fraction than those with an increased end-diastolic 
compliance. Finally, the extent of infarction seems to be the principal 
factor determining the degree of ventricular functional impairment because 
patients with anterior or inferior myocardial infarction carefully matched 
for similar extent of infarction demonstrated no significant differences in 
the variables of ventricular performance. 


Left ventricular hemodynamics during the early phase of acute myo- 
cardial infarction have been extensively studied in the past 10 years.!-7 
However, previous studies?-1? emphasized data on cardiac output and 
left ventricular filling pressure estimated mainly from measurement of 
pulmonary arterial end-diastolic pressure. Moreover, the relative con- 
tributions of the location, extent and nature of regional left ventricular 
abnormalities (dyssynergy) are less well known. On the other hand, little 
information is available concerning the contribution and interrelation 
of altered contractility and changes in left ventricular end-diastolic 
compliance, two factors considered major determinants of the hemo- 
dynamic spectrum of myocardial infarction.!^-!? This cineangiographic 
study was undertaken to assess the various factors that can alter left - 
ventricular performance after myocardial infarction, especially the re- 
duction in contractile mass and alteration in left ventricular compli- 
ance. 
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Methods 


Patients: In 115 patients (average age 51 years, range 30 
to 67) with acute transmural myocardial infarction left ven- 
tricular function was evaluated with left heart catheterization 
including left ventriculography and coronary arteriography. 
The diagnosis of infarction was established by typical chest 
pain, electrocardiographic changes with appearance of new 
Q waves and an increase in serum creatine kinase or glutamic 
oxaloacetic transaminase to a level above normal limits. The 
time from the onset of infarction to cardiac catheterization 
averaged 16 days (range 7 to 21 days). Sixty-six percent of the 
patients were studied during the 3rd week, 32 percent between 
the 7th and the 14th days and only 2 percent during the 1st 
week after infarction. 

Patients were separated into two groups: Group I, 48 pa- 
tients with anterior infarction (anteroseptal, anterolateral or 
apical infarction) and Group II, 67 patients with inferior in- 
farction (including diaphragmatic and true posterior infarc- . 
tion.) The nature and the purpose of the study was carefully 
explained to the patients, and informed consent was obtained 
in each case. The potential risks were indicated as well as the 
information desired to gain a better understanding of acute 
ischemic heart disease. 

Cardiac catheterization: Left heart catheterization was 
performed using the retrograde percutaneous femoral tech- 
nique. The procedure included measurements of aortic and 
left ventricular pressure either with a fluid-filled catheter 
(pigtail Cook no. 8F) or most often with a tip manometer 
(Millar instruments, Houston, Texas). Left ventricular end- 
diastolic pressure was measured just after the a wave. Cardiac 


— index was determined in duplicate using the Cardiogreen® 


dye-dilution technique. 

Left ventriculography was performed in the 30? right an- 
terior oblique projection using 35 mm film taken at 50 
frames/sec. Left ventricular volumes were quantified ac- 
cording to the Simpson rule using a computer system (Gra- 
fomed Philips) that also allowed us to obtain quantitative and 
qualitative information on wall motion. Specific patterns of 
localized abnormal left ventricular segmental contraction were 
classified as either hypokinesia, akinesia or dyskinesia for six 
hemiaxes obtained by quadrisection of the long axis at equal 
distances. Hypokinesia was defined as 10 to 20 percent de- 
crease in the percent of ventricular shortening. In akinesia the 
percent of ventricular shortening was between 0 and 10 per- 
cent. Dyskinesia was defined as paradoxic outward systolic 
expansion. Dyssynergy is a general term encompassing any 
of these localized disorders of wall motion. Quantification of 
the extent of impaired segmental contraction was manually 
accomplished by determining the length of inner wall in- 
volvement with a map measurer and was expressed as the 
percent of total end-diastolic perimeter. 

Angiographically determined mean velocity of circum- 
ferential fiber shortening (VCF) in circumferences/sec was 
determined on the basis of the equation t DED — r DES/ 
v DED X ejection time, where r DED = end-diastolic cir- 
cumference, mr DES = end-systolic circumference and ejection 
time was measured from the aortic curve recorded just before 
angiography. Mean velocity of circumferential fiber short- 
ening (VCF) was calculated as the mean of three specific 
minor circumferences (basal VCF;, middle VCF», apical 
VCF3) by the equation: (VCF = VCF, + VCF» + VCF3)/3. 

Chamber (or volume) stiffness can be defined by the slope 
of the linear curve between log pressure and volume and also 
by its intercept at zero volume. Gaasch et al.!5:!? showed that 
there was very little change in the value of this intercept in 
various normal human or experimental studies and even in 
myocardial infarction. They suggested a zero volume average 
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intercept of 0.43 and indicated that it was reasonable and . 
easier to assume that stiffness (or compliance) could be esti- E + 
mated from a single coordinate of log pressure and volume at 
end-diastole and a constant pressure intercept at zero volume - 

of 0.43; k can be estimated from the following equations: 


P = bekv K 

Equation (1) can be rewritten as: a 
log nP = KV + log nb (2) a 

K = (log nP — log nb)/V (3). 2 


If b = 0.43, then k = (log nP + 0.844)/V 


In a previous study?? we demonstrated that the determi- - 
nations of modulus of chamber stiffness using either the — 
simplified method of Gaasch et al.!* or simultaneous mea- - ig 
surements of pressure and volume throughout diastole were - 
closely similar, but intercept at zero volume was characterised 
by a large scattering of values and averaged 0.93 + 0.18 (mean — 
+ standard error of the mean). It appears that modulus of | 
chamber or volume stiffness can be approximated — 
using the simplified method of Gaasch et al.18 

Selective coronary arteriography was obtained in six pro- | 
jections for the left coronary artery and five projections for 4 
the right coronary artery. Coronary arteriograms were inde- d 
pendently reviewed by two observers. l 

Left ventricular performance of patients with transmutal | 
myocardial infarction was compared with that of a group of 
25 normal subjects with normal hemodynamic features and — 
normal coronary arteries. Statistical analysis was performed | - 
with the Hewlett-Packard 9815 statistical program. 
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Results e. 









Safety of procedure: Left ventriculography and . 
coronary arteriography could be performed without — 
excessive risk in these patients after an acute myocardial - 
infarction. In this series of 115 patients, one subject - 
experienced after coronary arteriography acute dyspnea | 
that was easily reversed with injection of furosemide. - 
Two other patients experienced benign inguinal he- — 
matomas related to anticoagulant treatment. a 

Location of dyssynergy: Anterior myocardial in- — 
farction was documented in 48 patients by the fol- — 
lowing electrocardiographic changes: Q wave 0.04 
second or greater in leads V, to V4 (anteroseptal in- - 
farction); QS wave or Q wave 0.04 second or greater in s 
leads Və to V4 (anteroapical infarction); Q wave 0.04- 
second or greater in leads I, aVL, V5 to Vg (anterolateral 
infarction). All patients demonstrated dyssynergy. — 
There was a good correlation with the electrocardio- _ 
gram, and all these patients had abnormal contracting . 
patterns, involving both anterior and apical portions of — 
the ventricular silhouette. Figure 1 shows that the ab- _ 
normalities were primarily located in the hemiaxis R2, 3 
R3 and on the long axis. t 

Inferior transmural infarction was defined by the * 
following electrocardiographic changes in 67 patients: | 
diaphragmatic infarction was identified by a Q wave of | 
0.04 second or greater in leads III and aVF; posterior - 
infarction by an R wave of 0.04 second or greater in lead — 
V; with absence of right ventricular hypertrophy or - 
right bundle branch block. Dyssynergy was observed in E 
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_ 61 patients. Areas of dyssynergy were essentially located 
- in the hemiaxis R4, R5— namely, in the inferior one 
_ third and the apical one third (Fig. 2). Five patients 
demonstrated normal ventricular motion. _ 

Nature and extent of dyssynergy: Of the 115 pa- 
. tients with an electrocardiogram showing transmural 
- myocardial infarction, 12 patients (10 percent) exhib- 
_ ited hypokinesia, 52 (45 percent) akinesia and 45 (39 
_ percent) segmental dyskinesia. In patients with anterior 
_ infarction, akinesia was more frequent than dyskinesia. 
- In patients with inferior infarction, dyskinesia and ak- 
- inesia were observed in roughly the same proportion. 
_ Obviously, combined types of dyssynergy could be ob- 
E served in the same patient and in such a case dyssynergy 
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was designated the predominant and the most severe 
pattern. 

The percent of abnormally contracting segment was 
39.3 + 2 percent (mean + standard error of the mean) 
in patients with anterior infarction and 28 + 1.7 percent 
in those with inferior infarction. This difference in the 
extent of dyssynergy between the two locations was 
significant (P <0.001) | 

Left ventricular volumes: There was a large scatter 
of values for left ventricular end-diastolic volumes (Fig. 
3). It exceeded the upper limit of normal (96 ml/m2) in 
19 patients (40 percent) with anterior infarction and 16 
patients (24 percent) with inferior infarction. In the 


. latter group the value of 89 + 3 ml/m? was not signifi- 


FIGURE 1. Location of dyssynergy in anterior infarction. 
The ordinate in the two graphs shows the myocardial 
shortening for each hemiaxis. The shaded areas repre- 
sent the values for the normal control group. M — mean; 
SD = standard deviation. 
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FIGURE 2. Location of dyssynergy in inferior infarction. 
Format as in Figure 1. 
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cantly different from that in normal subjects (81 + 3 
ml/m?). In contrast, a slight but significant (P <0.05) 
increase in left ventricular end-diastolic volume was 


observed in patients with anterior infarction (94 + 4.5 © 


ml/m?). 


Stroke index can be evaluated with angiography oi Or 


the dye-dilution technique. In our data, there was no 
significant difference between the values obtained 
under the two methods (dye-dilution = 38.4 + 11.7 
ml/m? [mean + standard deviation]; angiography = 39, 
1 + 13 [difference not significant]). Stroke index was 
significantly depressed in the two groups. Stroke index 


was 55 + 3 ml/m? in the normal subjects, 30.2 + 1.9 in - 


those with anterior infarction and 42.5 + 2 in those with 


FIGURE 3. Left ventricular end-diastolic 
volume index in ml/m? and left ventricular 
end-diastolic pressure (mm Hg) in 25 nor- 
mal subjects and in patients with myocar- 
dial infarction. Horizontal lines represent 
mean values (solid line) and standard de- 
viations (dashed lines) in normal 
subjects. 
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STROKE INDEX 


FIGURE 4. Stroke index (ml/m?) 
and ejection fraction (96) in 25 
normal subjects and in patients with 
myocardial infarction (INFARCT.) 
Horizontal lines represent mean 
values (solid line) and standard 
deviations (dashed lines) in normal 
subjects. 
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inferior infarction (Fig. 4). However, there was no sig- 
nificant difference between the two groups with in- 
farction. 

Ejection fraction was depressed (less than 0.50) in 
28 patients (58 percent) with anterior infarction and 32 
patients (48 percent) with inferior infarction. It was 
significantly lower (P «0.001) (Fig. 4) in both groups 
than in normal subjects; it measured 0.44 + 0.03 in those 
with anterior infarction and was slightly but insignifi- 
cantly higher (0.49 + 0.01) in those with inferior in- 
farction. Figure 5 shows the relation between the de- 
pression of left ventricular function and the extent of 
dyssynergy. There was a good linear correlation between 
ejection fraction considered as an index of left ventric- 
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— TABLE I | 
_ Mean Velocity of Circumferential Fiber Shortening (circumferences/sec) 


Patient 
Group 


Normal 
. Anterior infarction 
| Inferior infarction 


P values 


Anterior infarction vs normal 
.. Inferior infarction vs norma 
| Anterior infarction vs inferior infarction 


F * VCF,, VCF; and VCF, = mean velocity of circumfere ntial fiber shorteni 
- end the apical minor diameter, respectively. VCF = (VCF; + VCF; + VCF 
3 NS = not significant; P = probability. — d | E 


.. ular function and the percent of abnormally contracting Modulus of chamber stiffness: This measurement 
- segment in patients with anterior or inferior infarction averaged 0.0411 + 0.001 in patients with anterior in- 
P (r = 0.73). | cA | farction and 0.0422 + 0.002 in patients with inferior 
- Left ventricular end-diastolic pressure: In the 48 infarction. These values were not significantly different 
_ patients with anterior infarction, there was a significant from the normal values (0.0400 + 0.001). This was ob- 
_ increase in left ventricular end-diastolic pressure (16.1 vious by observing the pressure-volume curve of each 
_ + 1.1 compared with 10.5 0.6 mm Hg in the normal individual patient (Fig. 6); there was a very large scatter 
- group). Figure 3 shows that patients with inferior in- ^ from a leftward shift (indicating a reduction of com- 
_ farction also had a slight but significant increase in left pliance) to rightward (indicating an increase of com- 
- ventricular end-diastolic pressure (14.2 + 0.7 mm Hg). pliance). These changes could be assessed by compari- 
_ These changes could be related to heart failure, as son with normal subjects. It was possible to draw two 
- demonstrated previously by the decrease in stroke index ^ normal pressure-volume curves: the left pressure-vol- 
- and ejection fraction, but they could also be induced by ume curve indicated a modulus of 0.045 (average + 


~ ` 


- changes in compliance (as discussed later). standard deviation) whereas the right curve corre- 
Mean velocity of circumferential fiber shorten- sponded to a modulus of chamber stiffness of 0.035. 
ing: (VCF): Mean VCF was significantly (P <0.001) Obviously, limiting the normal range to + 2 standard 
- depressed in patients with anterior infarction (0.81 + deviations would be more realistic but + 1 standard 
-. 0.05) and in patients with inferior infarction (0.9 + 0.0). deviation is usually used in statistical analysis. These 
- However, there was no significant difference between two pressure-volume curves delineated three areas: Area 
_ these two groups of patients. Table I shows that each I indicated a pressure-volume curve shifted to the left 
-. VCF calculated from the three specific diameters (basal and a decrease in compliance whereas area III indicated 
- VCF;, middle VCF2, apical VCF3) was significantly a rightward shift of the pressure-volume curve corre- 
- lower (P <0.05) than in normal subjects. However, there sponding to an increase in compliance. Area II corre- 
- was no significant difference with respect to localization sponded to normal compliance. Seventeen patients with 
- of the infarct except for VCF3, which was significantly anterior infarction (35 percent) and 18 patients with 
. lower (P «0.01) in anterior than in inferior infarc- inferior infarction (27 percent) were considered to have 
. tion. | normal compliance. A leftward shift of the pressure- 
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FIGURE 5. Relation between the ex- 

tent of dyssynergy (ACS) (abscissa) 

and ejection fraction (EF) (ordinate) in 

10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 89 anterior and inferior infarction. R = 
% ABNORMALLY CONTRACTING SEGMENT % ABNORMALLY CONTRACTING SEGMENT correlation coefficient. 
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volume curve indicating a reduction of compliance was 
observed in 14 patients with anterior infarction (29 
percent) and 27 patients with inferior infarction (40 
percent). | 

'The study of the varying time period of investigation 
after infarction shows that change in the pressure-vol- 


ume curve was not time-dependent. The nature of 


dyssynergy was also studied in the three groups. Figure 
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LEFT VENTRICULAR DIASTOLIC PRESSURE 


FIGURE 6. Pressure-volume 
curves in patients with anterior 
(above) and inferior (below) myo- 
cardial infarction grouped according 
to decreased (GROUP |), normal 
(GROUP ll) and increased (GROUP 
lil) end-diastolic compliance. Left 
ventricular diastolic index is ex- 
pressed in ml/m?. 


7 shows that in anterior infarction the frequency of 
dyskinesia is higher in patients with a rightward shift 
of the pressure-volume curve (increase of compliance) 
than in those with a leftward shift of the curve (decrease 
in compliance). 

Distribution of mean velocity of circumferential fiber 


shortening and ejection fraction was also studied as a 


function of changes in compliance (Table II). In anterior 


ANTERIOR |NFARCTION . 
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- infarction, mean velocity of cixclauderential fiber 

shortening and ejection fraction were significantly 
- higher in patients with decreased compliance compared 
to those with increased compliance. In patients with | 
- posterior infarction this was also observed for mean 
- velocity of circumferential fiber shortening but there 

Was no significant change in ejection fraction in the 
| three groups. | 


TABLE II 


| Distribution of VCF, Ejection Fraction and Percent of Abnormall 


End-Diastolic Compliance 


«oun | 
Group II 
-Group I 


P values 

Group | vs Group II 
Group Il vs Group III 
Group | vs Group III 


Comments 


This investigation demonstrates the close relation 
between electrocardiographic changes and both the 


presence and site of abnormally contracting segments 


in patients with recent transmural myocardial infarc- ` 


. tion. All the patients with anterior infarction demon- 


strated ventricular dyssynergy, while 91 percent of those 


.. with inferior infarction exhibited disorders of inferior 
or apical wall motion. These findings emphasize the 


difficulty of detecting dyssynergy of the inferior seg- 


| mentina single plane right anterior oblique projection 


of the ventriculogram. The left anterior oblique view 


. projection should improve the detection of the area of 
dyssynergy i in this wall segment. Obviously the most 
| im aportant peoos concerns the extent of dyssyner- 


gy. 
In 1972 Sian et ut 14 proposed a two component 
model of the heart in acute myocardial infarction con- 
sisting of a totally noncontractile area of variable size 
with ; an altered compliance and a residual noninfarcted 
area with normal or subnormal contractility and normal 
compliance so that it responds normally both to an in- 


) crease in contractile $ state and to fiber stretch. Thus, it 


was of interest to correlate our various findings (con- 


"4 tractility and compliance) with the extent of dyssyn- 
ergy. As expected, our data demonstrated a significant 
; depression of left ventricular function. Mean velocity 


of circumferential fiber shortening, an index of con- 


_ tractility derived from the analysis of the ejection phase, 


was significantly depressed. Stroke index and ejection 


~ fraction were also reduced, demonstrating the global 
depression of left ventricular function. 


"Type and location of dyssynergy and left ven- 


tricular function: The type of dyssynergy had an in- 
| fluence on left ventricular function but only among 


patients with anterior infarction, whose ejection fraction 
(47 + 2.5) and mean velocity of circumferential fiber 
shortening (0.89 + 0. 06) were higher in those with hy- 
pokinesia or akinesia than in those with the same extent 


of dyskinesia (38 + 4 percent and 0.65 + 0.06, respec- 


tively. In contrast, among patients with inferior in- 
farction, there was no significant difference in left 
ventricular function i in those with dyskinesia or akin- 
esia. 
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y Contracting Segment Related to Changes in Left Ventricular 


(circ/sec) 


(circ/sec) 


ACS = extent of abnormally contctiog segment; EF = ejection fraction; NS = not significant, P = probability; VCF mean velocity of circumferential 


fiber shortenting. 
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FIGURE 8. Relation between the 
extent of dyssynergy (ACS), ejec- 
tion fraction (EF) and left ventricular 
end-diastolic compliance. Solid 
lines represent regression lines of 
patients with decreased compli- 
ance. Dashed lines represent re- 
gression lines of patients with in- Qo OW 20) 30. 40 
creased compliance. 


EJECTION FRACTION % 


-- > 


In contrast to Smith et al.,2! we were unable to find 
any correlation between the extent of dyssynergy and 
changes in left ventricular compliance. Obviously, the 
difference might be related to a low rate of accuracy of 
our measurements of the extent of an abnormally con- 
tracting segment. However, Smith et al.?! used a similar 
method and one can explain their different results by 
the fact that conditions 2 to 12 months after acute in- 
farction may be different from those during the acute 
stage. The limits of the scar are better defined and at 
this time changes in compliance are probably fixed. In 
our study the type of dyssynergy was not equally dis- 
tributed in the three groups of patients classified ac- 
cording to changes in chamber stiffness (Table II). 
Among patients with anterior infarction the frequency 
of dyskinesia was higher in those with an increase in 
compliance than in those with a decrease in compliance. 
Among patients with inferior infarction there was no 
difference between the two groups. 

Among patients with anterior infarction, mean ve- 
locity of circumferential fiber shortening and ejection 
fraction were significantly higher in those with de- 
creased compliance than in those with increased com- 
pliance. In some patients with inferior infarction the 
same was true for mean velocity of circumferential fiber 
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shortening but not for ejection fraction. Finally, study 4 


of the relation between the three major measures of left 


ventricular function in myocardial infarction (extent - 


of dyssynergy, contractility changes and compliance) : 
showed that among patients with anterior infarction ` 
and the same extent of dyssynergy, those with a de- ` 
creased compliance had a better ejection fraction than | 
those with an increased compliance (Fig. 8). The results — 
obtained in anterior infarction indicate that stiffening - 

of the infarcted area may improve left ventricular per- ` 

formance, as suggested by the previous results of Hood . - 
et al.,22 who noted that a decrease in compliance might ^ 


prevent bulging and sequestration of blood during the 


systolic phase of the cardiac cycle. 

Clinical implications: This study confirms the va- 
lidity of the two component model described by Swan j 
et al.,!4 and it provides a rational explanation for the i 
extremely variable responses of patients with myocar- _ 


dial infarction to drug therapy. However, as mentioned 


in some previous studies, it appears that the extent of — 
infarction is the principal factor determining the degree - 


of impairment of ventricular function. The location of 


dyssynergy is unimportant. Table III shows that in. 

patients carefully matched for dyssynergy of similar b 

extent (located in either the anterior wall or the inferior — 
j 


Comparison of Anterior and Inferior Infarction for the Same Extent of Dyssynergy 


LVEDP 
(mm Hg) 
AMI IMI 


Extent of 


Dyssynergy (%) 
AMI IMI 


22+ 
1.14 

39 + 
1.19 

51+ 
3.3 


15.1 + 86 + 
1 11 

11.8 € 92 X 
1.34 6 

15:27 A017 
4.8 7.5 


Slight 20.1 


dyssynergy 
Moderate 

dyssynergy 
Severe 

dyssynergy 


14.4 € 


1.92 
15.5 + 
3 


87 + 


105 + 


VCF 
(circ/sec) 
AMI IMI 


1.01 € 


Stroke Index 


ORG, 5 823 
2.7 23 
4084 445- 


49 + 53 + 


15.4 


, dyssynergy .— .99 ^  34€9  «:-0. ON M 
AMI = anterior myocardial infarction; CIRC = circumferénces; EF = ejection fraction; IMI = inferior myocardial infarction; LVEDP = left ventricular 
end-diastolic pressure; LVEDV = left ventricular end-diastolic volume; VCF = mean velocity of circumferential fiber shortening. 
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E wall) there were no significant differences in hemody- 


namic findings or in variables of ventricular perfor- 
mance. 'The extent of the infarct is the most important 
factor, and the main effort in the coronary care unit is 


- to limit infarct size. 


References 


. Karliner JS, Ross J Jr: Left ventricular performance after acute 


myocardial infarction. Prog Cardiovasc Dis 13:409-422, 1971 


. Parmley WW, Diamond G, Tomoda H, Forrester JS, Swan HJC: 


Clinical evaluation of left ventricular pressures in aera in- 
farction. Circulation 45:358-366, 1972 


. Rackley CE, Russell RD: Ventricular function in acute n dead 


. Russel RO Jr, Hunt D, Rackley CE: Left ventricular hemodynamics 


. Miller RR, Olson HG, Vismara LA, Bogren HG, Amsterdam EA, | 
Mason DT: Pump dysfunction after myocardial infarction. Impor- 


. Schelbert HR, Henning H, Ashurn WR, Verba JW, Karliner JS, 


infarction and its clinical significance. Circulation 45:231-244, 
1972 


in anterior and inferior myocardial infarction. Am J Cardiol 32:8-16, 
1973 


. Feild BJ, Russell RO Jr, Moraski RE, Soto B, Hood WP Jr, Bur- 


deshaw JA, Smith M, Maurer BJ, Rackley CE: Left ventricular size 
and function and heart size in the year following myocardial in- 
farction. Circulation 50:331-339, 1974 


tance of location, extent and pattern of abnormal left ventricular 
segmental contraction. Am J Cardiol 37:340-344, 1976 


O’Rourke RA: Serial measurements of left ventricular ejection 
fraction by radionuclide angiography early and late after myocardial 
infarction. Am J Cardiol 38:407—415, 1976 


. Ramo BW, Meyer N, Wallace AG, Starmer F, Clark DO, Whalen 


RE: Hemodynamic findings in 123 patients with acute myocardial 
infarction on admission. Circulation 42:567—577, 1970 


. Weber KT, Ratshin RA, Janicki JS, Rackley CE, Russell RO: Left 


ventricular dysfunction following acute myocardial infarction. A 
clinicopathologic and hemodynamic profile of shock and failure. 
Am J Med 54:697-705, 1973 


. Chatterjee K, Swan HJC: Hemodynamic profile of acute myo- 


cardial infarction. In, Myocardial Infarction (Corday E, Swan HJC, 
ed). Baltimore, Williams & Wilkins, 1973, p 51-61 - 


. Smith M, Ratshin RA, Harrell FE Jr, Russell RO Jr, Rackley CE: 


480 


Early sequential changes in left ventricular dimensions and filling - 


pressure in patients after myocardial infarction. Am J Cardiol 
33:363-369, 1974 


Acknowledgment 


We gratefully acknowledge the technical assistance of Mi- 


chel Brillard and Noella Picquart, and the secretarial assis- 
tance of Marie Cordier and Martine Lecointe. 


12. Rotman M, Chen JJ, Seningen RP, Hawley J, Wagner GS, Da- 


13. 
-tricular hemodynamics and function in acute myocardial infarction. 


vidson RM, Gilbert MR: Pulmonary arterial diastolic pressure in 
acute myocardial infarction. Am J Cardiol 33:357—362, 1974 
Kupper W, Bleifeld W, Hanrath P, Mathey D, Effert S: Left ven- 


Studies during the acute phase, convalescence and tate recovery. 
Am J Cardio! 40:900-906, 1977 


14. Swan HJC, Forrester JS, Diamond G, Chatterjee K, Parmley WW: 


Hemodynamic spectrum of myocardial infarction and cardiogenic 
shock. A conceptual model. Circulation 55:1097—1110, 1972 


15. Diamond G, Forrester JS: Effect of coronary artery disease and 


acute myocardial infarction on left ventricular compliance in man. 
Circulation 45:11-19, 1972 


. Forrester JS, Diamond J, Parmley WW, Swan HJC: Early increase 
in left ventricular compliance after myocardial infarction. J Clin 


Invest 51:598-603, 1972 


7. Bleifeld W, Mathey D, Hanrath P: Acute myocardial infarction. VI. 


Left ventricular wall stiffness in the acute phase and in the con- 


valescent phase. Eur J Cardiol 2:191-198, 1974 


18. Gaasch WH, Battle WE, Oboler AA, Banas JS, Levine HJ: Left 


ventricular stress and compliance in man. With special references 
to normalized ventricular function curves. Circulation 45:746-762, 


1972 


. Gaasch WH, Levine HJ, Quinones MA, Alexander JK: Left ven- 


tricular compliance: mechanisms and clinical implications. Am 
J Cardiol 38:645-653, 1976 


. Bertrand ME, Rousseau MF, Lefebvre JM, LaBlanche JM, 
Asseman PH, Carre AG, Lekieffre JP: Left ventricular compliance 


in acute transmural myocardial infarction in man. Eur J Cardiol 
7:179-193, 1978 


1. Smith MK, Russell RO, Feild BJ, Rackley CE: Left ventricular 


compliance and abnormally contracting segments in postmyo- 
 cardial infarction patients. Chest 65:368-378, 1974 


22. Hood WB Jr, Bianco JA, Kumar R, Whiting RB: Experimental 


March 1979 The American Journal of CARDIOLOGY Volume 43 


sahi 


myocardial infarction. IV. Reduction of left ventricular compliance 
in the healing phase. J Clin Invest 49:1316-1323, 1970 





I ER eI ee ee E 
- S - a ^ 4 t 


r 


Coronary Hemodynamic and Myocardial Metabolic Alterations 
Accompanying Coronary Spasm | Tue i 


SHELDON GOLDBERG, MD 
WILFRED LAM, MD 
GILBERT MUDGE, MD 
LAURENCE H. GREEN, MD 
FRED KUSHNER, MD 

JOHN W. HIRSHFELD, MD 
JOHN A. KASTOR, MD, FACC 


Philadelphia, Pennsylvania 
Boston, Massachusetts 


From the Cardiac Catheterization Laboratory, 
Hospital of the University of Pennsylvania and the 
Cardiovascular Section, Department of Medicine, 
University of Pennsylvania School of Medicine, 
Philadelphia, Pennsylvania; and the Cardiovascular 
Division, Peter Bent Brigham Hospital, and Harvard 
Medical School, Boston, Massachusetts. Manu- 
script received August 2, 1978; revised manu- 
script received October 20, 1978, accepted Oc- 
tober 26, 1978. 

Address for reprints: Sheldon Goldberg, MD, 
Cardiovascular Section, Hospital of the University 
of Pennsylvania, 3400 Spruce Street, Philadelphia, 
Pennsylvania 19104. 


Arterial pressure, coronary sinus blood flow with the thermodilution 
technique and calculated coronary vascular resistance were measured 
and coronary arteriography performed at rest and after the administration 
of ergonovine in 14 patients with atypical chest pain (group I) and 6 pa- — 
tients with variant angina (group Il). Mild diffuse narrowing of the left : 
coronary bed in group | was not accompanied by S-T segment shifts, and 
coronary vascular resistance did not change significantly. In contrast, be 


‘severe focal spasm (greater than 90 percent narrowing) of the left anterior 3 


descending coronary artery in group Il patients was accompanied by S-T : 
elevation and a marked overall increase in coronary vascular resistance © 


— (from 0.65 + 0.07 to 1.14 + 0.10 mm Hg/ml per min) (P <0.005). In ad- 


dition, the myocardial arteriovenous oxygen difference increased and net - 
lactate extraction changed to lactate production in the two patients in 
group Il in whom these measurements were made. Thus, thermodilution 
coronary sinus blood flow measurement may be a sensitive method for 
detecting primary increases in coronary vascular resistance due to a high 


grade focal spasm in the left anterior descending coronary artery. 


Provocative testing with ergonovine maleate as an aid in the differential: 
diagnosis of chest pain syndromes has received increasing attention. 


_ Although the clinical, electrocardiographic and coronary arteriographic | 
. findings in response to the administration of ergonovine were docu- | 


mented,!~4 the effects of ergonovine-induced coronary arterial spasm 
on coronary vascular hemodynamics and myocardial metabolism have ~ 
not been systematically studied. Therefore we selected for study 14 . 
patients with atypical chest pain syndromes and 6 patients with variant | 
angina. To further clarify the pathophysiology of coronary spasm, we | 
performed coronary arteriography and measured the effects of ergono- - 
vine maleate on arterial pressure, coronary sinus blood flow, coronary 
vascular resistance and indexes of myocardial metabolism in the two 
groups. 
Methods 


Patients: Twenty patients were studied and classified into two groups. Group ; 
I consisted of 14 patients (8 men and 6 women, aged 42 to 65 years) who had an j 
atypical chest pain syndrome with coronary arteries that were normal or mini- j 
mally diseased (less than 30 percent narrowing of luminal diameter). Patients | 
in group I had no evidence of S-T segment shifts during prior bouts of pain. . 
Group II consisted of six patients (four women and two men, aged 45 to 57 years) { 
with Prinzmetal’s variant angina associated with precordial S-T segment ele- 
vation during pain and no or minor fixed coronary lesions (less than 30 percent 
diameter narrowing) on coronary arteriography. All patients had been referred | 
for coronary arteriography for the evaluation of a chest pain syndrome; informed 1 
consent was obtained for coronary sinus blood flow studies and the adminis- 
tration of ergonovine maleate. 3 

Cardiac catheterization procedures: All patients underwent cardiac 
catheterization in the postabsorptive state after sedation with 10 mg of Valium 
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4 Coronary Hemodynamic Responses to Ergonovine 
y Ergonovine 
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— .€ = control; E = after the administration of ergonovine; MAP = mean arterial pressure; NS = not significant; % A CSBF = percent change 
i coronary sinus blood flow; % A CVR = percent change in coronary vascular resistance; SEM = standard error of the mean. 
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performed using the femoral percutaneous approach.® In each 
patient a no. 7Fr coronary sinus thermodilution catheter 


(W ilton-Webster Corporation, Altadena, California) was in- - 


‘troduced using a right or left antecubital vein cut-down pro- 


„cedure, and coronary sinus blood flow was measured with the 


technique of Ganz et al.6 The position of the coronary sinus 
catheter was confirmed with both angiographic dye injection 


, 


"Arterial pressure was measured using a Statham P23dB 


pressure transducer with a short fluid-filled femoral arterial 
catheter. A left precordial electrocardiographic lead was 


‘monitored. Stable coronary sinus pacing was performed at a 
rate of 95 beats/min for at least 5 minutes before the mea‘ 
‘surement of baseline coronary sinus blood flow and continued 
throughout the rest of the study. 

_ Measurements and calculations: Coronary sinus blood 
flow was determined with the continuous thermodilution 
technique using a Harvard pump and an infusion of 5 percent 
dextrose in water at room temperature at a rate of 38 ml/min. 
Coronary sinus blood flow (CSBF) was calculated with the 
formula: CSBF (ml/min) = (38) (1.08) (Ty - Til/ T, ^A Tal 
— 1), where T, T; and Tm are the temperatures of blood, in- 
dicator and a mixture of blood and indicator, respectively, and 


P 
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‘administered orally and 50 mg of Benadryl and ventilation 
in room air. After right heart catheterization and left ven- | 
triculography, atropine was administered intravenously and 
nitroglycerin sublingually. Coronary arteriography was then 


E the typical coronary sinus blood flow pattern. The posi- 
tion of the catheter was rechecked frequently during the study. 


- 
` v 


€" 
-- . > 


1.08 is a constant related to the density and specific heat of 


. the mixture of dextrose solution and blood. 
.. Coronary vascular resistance (CVR) was calculated as: 
. CVR = mean arterial pressure (MAP)/coronary sinus blood 


flow (CSBF). Control mean arterial pressure and coronary 


sinus blood flow were measured at least 20 minutes after the 
. completion of coronary arteriography and at least 30 minutes 


after the administration of nitroglycerin. All measurements 


were made at least twice during the control period and did not 


vary. 
r * 6 Se TaN LG A A 7 d d Seri s 
Ergonovine maleate was then administered intravenously 


as 0.05 mg bolus injections every 2 minutes until the patient 


had either typical chest pain or an increase of at least 10 mm 
Hg in systolic arterial pressure. Repeat measurements of 
phasic and mean arterial pressures, coronary sinus blood flow 


and cineangiography of the left coronary artery were per- 


formed during this time. 

Arteriovenous oxygen differences were measured across 
the coronary bed using an American Optical oximeter and 
expressed as percent saturation. Arterial (A) and coronary 
sinus (CS) lactate concentrations were measured (with the 
generation or disappearance of the reduced form of nicotine 
adenine dinucleotide spectrophotometrically at 340 nano- 
moles) (Sigma Chemical Company, St. Louis, Missouri) in five 
patients in group I and two patients in group II before and 
after the administration of ergonovine. Myocardial lactate 
extraction was calculated as 100 (A-CS)/A. 
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FIGURE 1. The percent change in coronary sinus blood flow (CSBF) 
after the administration of ergonovine in groups | and Il. 


Statistical analysis of the data was performed being paired 
and unpaired Student's t tests where appropriate,’ and dif- 
ferences were considered significant when P «0.05. 


Results 
Clinical response to administration of ergono- 


- vine: None of the 14 patients in group I had chest pain 


or electrocardiographic changes after the administration 
of 0.2 to 0.7 mg of ergonovine maleate. All six patients 
in group II had chest pain associated with S-T segment 


. elevation in the precordial monitor lead after the ad- 


ministration of 0.1 to 0.15 mg of ergonovine maleate. 
Chest pain was uniformly and completely relieved 
within 5 minutes by the administration of one or two 
sublingual tablets of 0.4 mg nitroglycerin. 

Arterial pressure response: The response of arte- 
rial pressure to ergonovine differed in the two groups 
(Table I). In the patients in group I, mean arterial 
pressure increased from 110 + 3 (mean + standard error 
of the mean) to 126 + 4 mm Hg after the administration 
of ergonovine (P <0. 005). The arterial pressure response 
varied in the patients in group II: it increased 20 to 45 


. mm Hg in three patients and decreased 5 to 10 mm Hg 


in three patients. The overall change in mean arterial 


pressure in group II (from 102 + 6 to 117 + 11 mm Hg) 


was not statistically significant. 
Coronary sinus blood flow response: The response 
to ergonovine varied: In group I, coronary sinus blood 


flow increased in eight patients, decreased in two pa- 


tients and did not change in four patients (Table I, Fig. 
1). The overall coronary sinus blood flow response in 
group I was an increase from 125 + 11 to 157 + 14 ml/ 


ae min (P <0.01). In group II, no patient had an increase 
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_in coronary sinus blood flow. In five patients in group 
TI flow decreased areas and i in one deci: did not 
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FIGURE 2. The percent change in calculated coronary vascular resis- — 
tance (CVR) after the administration of ergonovine in groups | and Il. - 
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overall coronary sinus blood flow response in group II 
was a decrease from 164 + 17 to 110 + 22 ml/min P 
<0.05). Thus, group I patients had an overall increase | 
and group II patients an overall decrease in coronar: à 
sinus blood flow in response to the administration of 
ergonovine (P <0.05). 

Coronary vascular resistance response: In group - 
I the effects of ergonovine on coronary vascular resis- - 
tance varied (Table I, Fig. 2); resistance increased in - 
eight patients and decreased in six. Thus, coronar E 
vascular resistance did not change significantly (from 3 
0.98 + 10 to 0.89 + 0.09 mm Hg/ml per min) after i 
administration of ergonovine in group I patients. I 
contrast, in the patients in group II coronary vascula ra 
resistance increased significantly, from 0.65 + 0.07 t 
1.14 + 0.10 mm Hg/ml per min (P <0. 005), after the 
administration of ergonovine. 

Angiographic response: No patient in group I had 4 
focal coronary arterial spasm in response to ergonovine. 
In general, these patients had a mild diffuse reduction - 
in caliber of the entire left coronary arterial tree. 4 
Thirty-four comparable coronary arterial segments were 
measured in the 14 patients, revealing an average ded | 
crease in diameter of 17 percent. All patients in group — 
II had significant spasm of the left anterior descending — 
coronary artery (greater than 90 percent narrowing) | 
after the administration of ergonovine. In each instance, 
coronary arterial spasm was associated with the devel- - 
opment of angina and S-T segment elevation and was. y | 
reversed by the sublingual administration of nitro- - 
glycerin. A 

Myocardial metabolism: In group I, eo SIER 
of myocardial arteriovenous oxygen difference and ar- 4 
terial and coronary sinus lactate concentrations (Table : 
II) revealed no significant change from baseline values. | 
In contrast, in the group II patients tested, the arte- - 
riovenous oxygen difference and lactate produ 
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in ne ina HEMEN In the five group I patients 
teste d, the arteriovenous oxygen difference was un- 
changed (from 57 + 2 to 58 + 2 percent). In the two 
£g 'oup II patients, myocardial arteriovenous oxygen 
d ifference increased from 58 to 71 percent and from 61 
0 79 percent, respectively, during the development of 


BLE ul 
m yocardial Metabolic Responses to Ergonovine 


Mean Lactate 


A-V Op A % . Extraction * - 
C C E 
Group | 
57 61 30 31 
51 51 36 34 
61 60 43 48 
63 62 56 52 
53 54 50 49 
Group II 
58 74 39 — 
61 79 37 wee 





EC * Calculated as (100|A-CS]/A)%. 
EA = arterial; A-V O5 A % = arteriovenous oxygen difference; C = 
contro!; CS = coronary sinus; E = after the administration of ergono- 
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angina. Maa lactate extraction was also unchanged in 
group I (from 43 + 5 to 43 + 5 percent). In the two group 
II patients, the period of myocardial ischemia and in- 
creased coronary vascular resistance was accompanied 
by a shift from net lactate extraction (+39 percent and 
t37 percent) to net lactate production (—27 percent and 
—32 percent). 

A representative case (Patient 15, group II) demon- 
strating the electrocardiographic, coronary hemody- 
namic and angiographic findings during the control 
period and after ergonovine-induced spasm is shown in 
Figures 3 and 4. 


Discussion 


Using the ergonovine test, we demonstrated that 
sudden major narrowing of the left anterior descending 
coronary artery is accompanied by (1) a profound in- 
crease in coronary vascular resistance; (2) the devel- 
opment of myocardial ischemia as demonstrated by a 
change from net lactate extraction to lactate production, 
and (3) a marked increase in the myocardial arteriove- 
nous oxygen difference during the period of increased 
coronary resistance. The mild diffuse narrowing of the 
epicardial coronary arteries observed in patients with 
atypical chest pain syndromes (group I) was not ac- 
companied by major increases in coronary resistance, 
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FIGURE 3. Patient 15 (group Il). A, electrocardiogram 
(EKG), arterial pressure and coronary sinus blood flow - 
(CSBF) recordings in the control state. The S-T segments 
are normal and the coronary sinus trace registers a flow _ 
. . rate of 150 ml/min. CVR = coronary vascular 
. B, left coronary arteriogram taken seconds 
e cordings of A in the control slt «ud s on 
| luminal irregularities. : 











‘nor was there evidence of lactate production or alter- 
ation in myocardial oxygen extraction. In these group 
I patients, the effects of ergonovine appear similar to the 
effects of the alpha agent methoxamine, which has a 
mild, variable effect on coronary resistance.? 

Previous investigations of coronary arterial 

spasm: The results of previous angiographic studies 
- demonstrated that ergonovine maleate is a safe and 
sensitive test agent for the provocation of reversible 
coronary spasm in patients with a history of variant 
angina.!-? These findings agree with our results, which 
indicate that small doses of ergonovine (0.1 to 0.15 mg 
intravenously) result in major focal spasm accompanied 
by profound alterations in coronary hemodynamics and 
myocardial metabolism in patients with variant angi- 
na. 

The role of a primary reduction in myocardial oxy- 
gen supply due to focal coronary spasm in the patho- 
genesis of myocardial ischemia and infarction has 
gained increasing attention. There is evidence that 
coronary blood flow and coronary vascular resistance, 
in addition to being regulated by metabolic demand,? 
are controlled by various neural and biochemical fac- 
tors.10-25 Important interactions may occur between the 
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autonomic nervous system, fixed lesions in the coronary 
tree and the development of spasm. For example, in — 
studies examining alterations in coronary hemody- - 
namics in response to the alpha adrenergic stimulus of — 
the cold pressor test,2425 patients with significant ob- — 
structive lesions of the left coronary system had an in- — 
appropriate increase in coronary vascular resistance — 
with cold-induced hypertension. This increase was ac- — 
companied by angina in some patients. The authors - 
concluded that myocardial metabolic needs may have ~ 
been competing with alpha vasoconstrictor tone. In. 
patients with fixed obstructive coronary lesions, vaso- - 
dilator metabolic mechanisms that were already max- - 
imal may have been overridden by superimposed alpha ~ 
vasoconstrictor effects. m 
Studies by Guazzi?? and Maseri?” and their co- - 
workers also support the concept that spasm may bean - 
important initiating mechanism in the ischemic epi- 
sodes of patients with unstable angina (with S-T seg- — 
ment elevation or depression). Furthermore, Oliva and - 
Breckenridge2® implicated coronary spasm in the - 
pathogenesis of acute transmural myocardial infarction. - 
In a study of 15 patients with recent transmural infarcts 
(within 12 hours), they uncovered coronary spasm su- 
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FIGURE 4. Same patient. A, the electrocardiogram (EKG) 
after the administration of ergonovine shows the devel- 
opment of marked S-T elevation. Arterial pressure is 

slightly lower than baseline. The decrease in coronary 
sinus blood flow (CSBF) (from 150 to 87 ml/min) is dra- 
matic, and as a result, coronary vascular resistance (CVR) 
increased from 0.87 to 1.44 mm Hg/ml per min. B, left 
coronary angiogram taken seconds after the recordings 
of A. Severe focal spasm has developed in the proximal 
left anterior descending coronary artery. 
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 perimposed on a high grade fixed obstructive lesion in 
5 6 patients (40 percent) using intracoronary nitroglycerin 
to “unmask” spasm. Berndt et al.?? found that the 
- double product (heart rate X systolic arterial pressure) 
- and triple product (heart rate X systolic arterial pres- 
^ sure X systolic ejection period) were smaller during 
$ spontaneous angina than during pacing-induced angina 
- in six of seven patients with unstable angina and coro- 
| “nary artery disease. Their study suggested that a pri- 
mary decrease in coronary flow, perhaps secondary to 
 spasm, may have been responsible for the myocardial 
ischemia noted during spontaneous angina. However, 
they did not measure coronary blood flow. Thus, a 
substantial body of evidence suggests that coronary 
arterial spasm is a critical factor not only in patients 
with variant angina but also in many patients with 
ischemic heart disease. 
Using the coronary sinus thermodilution technique, 
-. we correlated provoked spasm of the left anterior de- 
Sscending coronary artery with marked increases in 
coronary vascular resistance. It is possible that further 
insight into the coronary hemodynamic events associ- 
ated with the syndrome of unstable or “preinfarction 
angina” and acute myocardial infarction may be gained 
- by studies measuring coronary flow and resistance in the 
- clinical setting. 
. Usefulness and limitations of thermodilution 
method: Although we demonstrated a significant cor- 
relation between spasm and alterations in coronary 
resistance using the thermodilution technique, certain 
- limitations of our study should be emphasized. First, 
-although measurements of coronary sinus flow in a 
- stable physiologic setting vary less than 5 percent, the 
_thermodilution method measures combined flow in all 
- areas of the myocardium that drain into the coronary 
sinus. Thus, if equal and opposite changes in flow occur 
_in two regional beds, no flow change might be detected 
with this technique. Also, small shifts in catheter posi- 
tion can apparently alter flow by including or excluding 
- venous drainage branches. In addition, this technique 
excludes right coronary drainage, and therefore its use 
P is limited to patients in whom the region of interest is 
the left coronary system. Another important limitation 
tof our study is that calculated increased coronary vas- 
ilar resistance may have been due in part to factors 
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other than focal spasm: One might postulate that in- 
creased arterial pressure or ischemia was accompanied 
by increased left ventricular diastolic pressure that led 
in part to increased resistance to myocardial flow by a 
transmural compressive force on the resistance vessels 
of the coronary tree. 

Precautions in the use of ergonovine: Ergonovine 
maleate can be safely used to test for spasm in the car- 
diac catheterization laboratory. However, potential 
serious consequences of its administration should be 
emphasized. First, in patients with spasm provoked by 
accompanying myocardial ischemia, the investigator 
should be prepared to quickly reverse the action of the 
drug with nitroglycerin. In our laboratory, we forewarn 
the patient of the possibility that angina may develop, 
and we have both sublingual and intravenous nitro- 
glycerin available for immediate use after the post- 
ergonovine coronary angiogram. Second, in patients 
with spasm of the right coronary artery, atrioventricular 
block is common, and standby temporary pacemakers 
should be available for patients undergoing provocative 
testing. Third, ventricular arrhythmias may occur 
during the ischemic episode, and the physician should 
be prepared with the appropriate antiarrhythmic 
agents. We believe that ergonovine testing is most safely 
performed in the catheterization laboratory with the 
observation of all of these precautions. 

Implications: We demonstrated a marked increase 
in coronary resistance during the development of 
myocardial ischemia accompanying ergonovine-induced 
high grade focal spasm in a group of patients with var- 
iant angina without significant coronary disease. The 
findings in patients with an atypical chest pain syn- 
drome in response to ergonovine are qualitatively and 
quantitatively different. Further studies using the 
techniques described in this report in patients with 
spontaneous angina and high grade fixed obstructive 
lesions may further clarify the role of primary alter- 
ations in coronary blood flow and coronary vascular 
resistance in the genesis of myocardial ischemia. If de- 
creases in coronary sinus blood flow can be demon- 
strated in these patients during bouts of spontaneous 
angina, then therapy with the newer cardioselective 
antispasm agents such as nifedipine?? can be rationally 
utilized. 
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In nine patients with coronary heart disease contractility indexes during 
isovolumic contraction and during the ejection phase were measured 
simultaneously, using an angiographic catheter-tip manometer. Regional 
wall motion at rest, after leg raising and during physical exercise (bicycle 
ergometer) was analyzed using the hemiaxis method. Five weeks after 
aortocoronary bypass surgery these examinations were repeated. Pre- 
operatively left ventricular end-diastolic pressure increased from 21 to 

7 mm Hg after leg raising. The velocity of mean circumferential fiber 
shortening (VCF) and of regional shortening in the anterior wall decreased 
significantly. All patients discontinued physical exercise due to angina 
pectoris. Left ventricular end-diastolic pressure increased from 21 to 39 
mm Hg during exercise. Large hypokinetic and akinetic areas developed, 
especially in the anterior wall. Velocity of fiber shortening of the anterior 
wall decreased from 1.43 to 0.76/sec. End-diastolic volume remained 
unchanged, but end-systolic volume increased significantly. In six patients 
with patent grafts surgery had a beneficial effect. Angiograms at rest 
revealed no significant postoperative changes; however, after leg raising 
and physical exercise, ventricular function was greatly improved over 
the preoperative performance. Velocity of fiber shortening in the anterior 
wall increased significantly from 0.76 to 2.56/sec, mean VCF from 1.11 
to 2.12 circumferences/sec, maximal rate of rise of left ventricular 
pressure from 2,302 to 4,280 mm Hg/sec and peak velocity of contractile 
elements (Vpm) from 27.8 to 55.7/sec. The mean functional improvement 
in individual wall segments was 500 percent. Ejection fraction increased 
from 54 percent to 76 percent. End-diastolic volume remained unchanged 
while end-systolic volume decreased from 67 to 33 ml/1.73 m? (P 
<0.002). In three patients occlusion of thé bypass graft or myocardial 
infarction occurred intraoperatively. Their postoperative findings at rest 
and during exercise were unchanged from thé preoperative values. After 
successful bypass surgery ventricular function at rest did not change, but 
during exercise, a marked improvement in overall and in regional ven- 
tricular function was found. 


In patients with coronary heart disease left ventricular wall motion 
disturbances should be normalized after revascularization of ischemic 
areas after aortocoronary bypass surgery.! However, recent studies have 
not shown an improved ejection fraction after bypass surgery.?-* These 
studies used only ventriculograms at rest to evaluate pre- and postop- 
erative function. The effect of surgery has not previously been assessed 
in ventriculograms obtained during physical exercise. Therefore, in this 
study we obtained pre- and postoperative angiograms during stress 
consisting of leg raising and physical work on a bicycle ergometer. The 
extent of overall and regional wall motion disturbance was assessed 
quantitatively, and pre- and postoperative findings were compared. 
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Methods 


Patients: Nine patients with typical angina pectoris during 
exercise were selected and studied pre- and postoperatively. 
All patients had severe luminal stenosis of the left anterior 
descending coronary artery (more than 80 percent). Two pa- 


tients had occlusion and three patients severe stenosis of the — 
right coronary artery. In two patients the left circumflex artery 


was markedly narrowed (more than 90 percent), and in seven 
patients this artery was diffusely stenosed. Three patients had 
a minor infarction in the inferior wall, and two had a small 


nontransmural infarction of the anterior wall indicated by the 


electrocardiogram, and regional dysfunction. 

In all nine patients an aortocoronary bypass was grafted to 
the left anterior descending coronary artery. Four patients 
received an additional bypass graft to a diagonal branch and 
one patient had an additional graft to the right coronary ar- 
tery. Postoperative examinations were performed 4 to 8 weeks 
(mean 5) after surgery. 


The patients were classified into two groups according to 


postoperative findings: Group I, six patients with well func- 


tioning, open bypass grafts without intraoperative myocardial 


infarction; Group II, three patients with occluded aro and 
intraoperative myocardial infarction. — ^ 
An additional eight patients served asa irok, group.’ 
They had no or only mild coronary artery disease and normal 
left ventricular function at rest and during leg raising and 
exercise. | 


Protocol: After diagnostic coronary arteriography was — 


performed and informed consent of the patients was given, 
an angiographic catheter with a manometer at the tip and four 
side openings for injection of contrast medium (Millar-In- 
struments Inc., 8F, type PC 481) was introduced into the left 
ventricle, and the following procedures were performed: 


1. Measurement of hemodynamic variables at rest; a ven- 


triculogram in a 40° right anterior oblique position y was per- 
formed simultaneously. ; 


NOF bois and after bypass surgery 


FIGURE 1. Velocity of mean circum- 
ferential fiber shortening (VCF) at rest, 
after leg raising and during physical 
exercise before and after bypass sur- 
gery compared with findings in a control 
group. Preoperatively (preop.), there 
was a decrease in mean VCF after leg 
raising, and an insufficient increase 
during. physical exercise. Postopera- 
tively (postop.) there was a significant 
increase in mean VCF after leg raising 
and during physical exercise over 
preoperative values; performance was 
almost as good as in the control group. 
circ/s — circumferences per second; 
n — number of patients; n.s. — not 
significant; p — probability; SEM — 
standard error of the mean. 


2. Volume load was induced by raising the patient's legs - 
to about 45 cm (the patient's feet were connected to the podala 
of the ergometer. Three minutes after leg raising, contrast 
medium was injected again into the left ventricle. Hemody- - E. 
namic variables were measured simultaneously. | 
3. The patients exercised in the supine position on the - 


bicycle ergometer at a work load of 50 to 100 watts for 3to8 
minutes. Exercise was discontinued when angina pectoris * 
. occurred. Within 20 to 30 seconds after physical exercise, left. 


ventriculography was performed simultaneously with he- ^ 
modynamic measurements. 3 
In all cases the following time schedule was maintained: 
A ventriculogram was obtained at rest 15 minutes after cor- 
onary angiography; 10 to 15 minutes later, a ventriculogram  : 
was obtained during leg raising and 10 to 15 minutes later - 
another ventriculogram was obtained during exercise. For 
each ventriculogram 25 to 35 ml of Renografin® 76 percent was — 
injected at 20 atmospheres with use of the Cordis pump. 5-7 3 
The cine film was recorded at 50 frames/sec. Only ventricu- . 


- lograms of good quality were evaluated. With use of the 8F 
Millar catheter, premature ventricular beats rarely occurred. _ 


When they did occur the subsequent second or third normal 5 


beat was evaluated. 


Hemodynamic measurements: After each angiogram the 
magnification factor was assessed with the displacement — 
method.? End-diastolic and end-systolic volumes were com- — 
puted from the single plane ventriculograms with the area- - 
length method using a semiautomatic device (Volumat®, - 
Siemens, Erlangen). The possibility of up to 25 percent ov- ; 
erestimation of end-diastolic volume and of stroke volume in — 
the single plane as compared with the biplane technique had 


to be considered. A correction factor was not used because 
only single plane angiograms were compared. | 


The velocity of mean circumferential fiber shortening : 
hemiaxis velocity were assessed.” Systolic and end- diastolic. : 
pressures in the left ventricle, maximal rate of pressure rise — 
(max dP/dt) and peak measured velocity of contractile ele- - 
ments (dP/dt/P = YR were determined with the tip- ma- 
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. FIGURE 3. Velocity of fiber shortening in the middle anterior hemiaxis 


j (Vm;) before and after coronary bypass surgery in six patients with 
. Severe stenosis in the left anterior descending coronary artery com- 
pared with values in a control group of four patients with mild narrowing 
_ of the artery. Preoperatively Vm; decreased significantly after leg raising 
and physica! exercise. Postoperatively the increase in Vm, was highly 


significant. Postoperative Vm; values are comparable with those in the 
control group with a normal le*t ventricle. Abbreviations as in Figure 
M | 
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FIGURE 2. Pre- and postoperative left 
ventriculograms (for right anterior 
oblique projection) in six patients after 
leg raising. The magnification factor is 
indicated below each ventriculogram. 
Preoperatively all patients had hypo- 
kinesia or akinesia, especially in the 
anterior wall and apex as well as in the 
apical area of the inferier wall. Post- 
operatively left ventricular function 
improved markedly in all patients. 
Previously hypokinetic and akinetic 
areas contract ey in some pa- 
tients. 


nometer.!0-1? Statistical analysis was performed using Stu- 
dent's t test for paired and unpaired comparisons. 


Results 


Group I (Open Grafts, No Intraoperative Infarction) 

At rest: After surgery, no significant changes from 
preoperative values were observed in regional or global 
ventricular function. Left ventricular end-diastolic 
pressure decreased to 15 mm Hg (difference not sig- 
nificant). 

Leg raising: Preoperatively two patients had had 
mild angina during leg raising, as documented by S-T 
segment depression in the electrocardiogram. One pa- 
tient had severe angina on leg raising and did not per- 
form exercise. All patients manifested regional left 
ventricular hypokinesia or akinesia during leg raising, 
especially in the anterior wall and in the apex as well as 
in apical areas of the inferior wall. The velocity of mean 
circumferential fiber shortening decreased markedly 
(Fig. 1). Postoperatively, ventricular function improved 
significantly in all patients. The velocity of mean cir- 
cumferential fiber shortening increased significantly. 
Hypokinetic and akinetic wall segments contracted 
almost normally in some patients, and in others a sig- 
nificant improvement was noted (Fig. 2). These findings 
are documented by the increase in velocity of fiber 
shortening in the anterior wall (Table I) and in the 
middle anterior hemiaxis, which increased by 200 per- 
cent (Fig. 3). End-diastolic pressure during leg raising 
was significantly lower after than before operation (22.5 
versus 37 mm Hg). End-diastolic volume remained 
unchanged, but end-systolic volume decreased signifi- 
cantly (‘Table I). 

Physical exercise: Preoperatively all patients ex- 
perienced severe angina pectoris, some with dyspnea, 
during physical exercise, which was discontinued for 
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TABLE | | 
Pre- and Postoperative Hemodynamics at Rest, After Leg Raising and During Physical Exercise a | 
(mean values + 1 standard deviation) n 
max 7 
HR LVP LVEDP Vpm  dP/d VCF  EDV ESV EF Vm  Vma Vmi m2 ma m i 
: A. At Rest (no. — 6) d 
Preop 77.5 162 213 33.2 1943 1.27 143 47 68 1.37 143 . 0.99 5435 12085 34 9 
+11 +29 +11 +12 +226 +05 +40 +27 +23 +0.93 +080 +085 +428 +23 +267 
Postop 94 4139. 1&2 "AST -- 6391 ^ 199 143 47 68 184 . 160 119 .. 47 46 35 
+10 +11 +7 £18 +621 +04 +28 +20 +13 +095 +080 +034 +425 +21 +12 
P «0.01 <0.05 NS NS NS NS NS NS NS NS NS NS NS NS NS i 
B. After Leg Raising (no. = 6) a 
Preop 83 171 37.4 3282 210! 055 156 65 60 0170-096 . 1:03 4528 32 34 i 
+10 +43 +14 +48 +4273 +05 +24 +46 +10 +039 +046 +0.65 +12 +15 422. 
Postop 97 137 225 325 2515 153 150 43 72 1.74 175 Sto UE 53 40 
+9 +12 +7 +6 +525 +403 +30 +26 +11 +050 +043 +043 423 +11 +13 
P «0.05 «0.05 «0.05 «0.05 40.10 <0.005 NS «0.025 440.05 «0.001 «0.002 «0.10 «0.005 «0.002 NS 
C. During Exercise (no. — 5) | i 
Preop 107 164 396 27.8 2302 1.11 149 67 54 0.54 076 125 17 23 39 ^ 
+32 +49 +416 +7 +626 +03 +18 +13 +13 +030 +035 +069 +9 $11 x31 
‘gaa 439. ^ 1603 237 SRY . 4900 242. 198. 328 75.8 264 2.56 181 60 58 40. 19 
+11 +15 +410 +19 +835 +405 +426 +10 X6 +117 +097 +4090 +25 +23 +7 
P «0.10 NS «0.02 «0.02 «0.005 «0.0 NS «0.002 «0.01 «0.01 «0.005 NS «0.01. «0.001 NS 


EDV = end-diastolic volume (ml/ 1.73 m? body surface area); EF = ejection fraction (96); ESV = end-systolic volume (ml/ 1.73 m? body surface - 

left ventricular end-diastolic pressure (mm Hg); LVP — 
percent fiber shortening in the middle anterior hemiaxis (96); ma = mean percent fiber shortening in the anterior wall (96); max dP/dt = maximal - 
mean percent fiber shortening in the inferior wall (%); no. = number of patients; NS . 
— not significant; P — significance of postoperative findings compared with preoperative values; postop — postoperative; preop — preoperative; 
VCF = velocity of mean circumferential fiber shortening (circumferences/sec); Vm2 = velocity of fiber shortening of the middle anterior hemiaxis - 
(/sec); Vma — mean velocity of fiber shortening in the anterior wall (/sec); Vmi — 


area); HR — heart rate (min !); LVEDP = 


rate of rise of left ventricular pressure (mm Hg/sec); mi — 
= peak measured velocity of contractile elements (/sec). 


this reason in all but one patient. The increase in the 
velocity of mean circumferential fiber shortening was 
greatly reduced (Fig. 1). New hypokinetic, akinetic or 
dyskinetic areas (Case 1, 3 and 4, Fig. 4) developed 
during angina pectoris. Postoperatively the patients had 
no complaints during exercise. The preoperative work 
load (66 + 26 watts [mean + standard deviation] and 
duration (226 + 138 seconds) were both well tolerated 
and were increased to 100 watts and 480 seconds, re- 
spectively. Mean circumferential fiber shortening in- 
creased markedly. No significant differences were found 
between the postoperative values in Group I and the 
performance of the control group (Fig. 1). Contraction 
normalized in Patients 1, 2 and 3 and improved signif- 
icantly in Patients 4 and 5 (Fig. 4). These findings are 
documented by the increase in velocity of fiber short- 
ening in the anterior wall (Table I) and in the middle 
anterior hemiaxis (Fig. 3). The latter increased by 500 
percent from the preoperative value. End-diastolic 
volume remained unchanged, but end-systolic volume 
decreased markedly. Ejection fraction, maximal rate of 
rise of ventricular pressure and peak measured velocity 


of contractile elements increased significantly (Table 
D). 


Anterior wall-inferior wall contractility (Table 
I): Preoperatively the velocity of fiber shortening in the 
anterior wall decreased after leg raising and physical 
exercise. Fiber shortening in the inferior wall remained 
unchanged after leg raising but increased during 
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left ventricular systolic pressure(mm Hg); m? = 


mean velocity of fiber shortening in the inferior wall (/sec); Vpn " 
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physical exercise. Hence, the inferior wall partly coitum 


pensated for the impaired contractility in the anteri 
wall. Postoperatively the velocity of fiber shortening in - 
the anterior wall increased after leg raising and physical 
exercise. Fiber shortening in the inferior wall was less - 
pronounced than before operation. 

Heart rate: Heart rate at rest, after leg raising and | 
during exercise was significantly higher after operation. | 


M E 
[4 — 


Correspondingly ejection time was shorter. By a shortens | 
ejection time, velocity variables and velocity of fiber — 


shortening increased. However, ejection fraction and 


percent shortening in the hemiaxis, variables inde- — 


pendent of ejection time, increased significantly during 


leg raising and exercise (Table I). 


Group Il (Grafts Occluded) 


In three patients graft occlusion occurred, and one of E 


these had an intraoperative myocardial infarction. 
There were no significant differences between pre- and 


postoperative values in these three patients. The ve- 


locity of mean circumferential fiber shortening in- 


creased during leg raising only slightly, from 0.85 pre- | 
operatively to 1.01 circumferences/sec postoperatively, — 
and after physical exercise from 1.05 to 1.29 circum- - 
ferences/sec (Fig. 5). End-diastolic and end-systolic — 


volumes were increased from preoperative values. 
Discussion 


Preoperative findings: In our patients with severe - 
coronary heart disease exercise induced hypokinesia or _ 


tn oe) alc Y ee e iura £n: TUE T "m 





491 


Vea 
-— 


pre 


x 


a rm 


- akinesia i in poststenotic areas.?-714-16 Corresponding 
- to the preponderant involvement of the left anterior 
E coronary artery, regional wall motion dis- 
turbances were especially marked in the anterior wall 
and apex. Regional dysfunction during exercise is due 
to underperfusion in poststenotic areas. However, 
_ dysfunction after leg raising cannot be easily explained. 
- It seems obvious that the increase in left ventricular 
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end-diastolic pressure may be the cause of regional wall 
motion disturbances. Two mechanisms, the increase in 
the extravascular component of coronary resistance!? 
and the increase in oxygen consumption due to the in- 
creased diastolic wall tension!? may explain the isch- 
emia and hypokinesia due to leg raising. 
Postoperative findings: At rest, ventricular function 
was not significantly improved from the preoperative 
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FIGURE 4. Pre- and postoperative 
ventriculograms (40° right anterior 
oblique projection) in five patients 
during physical exercise. The 
magnification factor is indicated 
below each ventriculogram. Pre- 
operatively hypokinetic and some- 
times akinetic (Patients 1, 3 and 4) 
areas were present. Postoperatively 
regional wall motion normalized in 
Patients 1 to 3 and was markedly 
improved in Patients 4 and 5. 


FIGURE 5. Velocity of mean circumferential fiber 
shortening (mean VCF) at rest, after leg raising and 
physical exercise (in three patients) before and 
after unsuccessful bypass surgerv compared with 

values in a control group of eight patients with a 
normal left ventricle. Preoperatively there was a 
decrease in velocity of fiber shortening after leg 
raising and insufficient increase during physical 
exercise. Postoperatively there was no significant 
difference from preoperative values. Abbrevia- 
tions as in Figure 1. 


March 1979 The American Journal of CARDIOLOGY Volume 43 


— 








findings. Left ventricular end-diastolic pressure de- 
creased from 21 to 15 mm Hg (difference not signifi- 
cant). These findings are in accord with those of oth- 
ers.1-? 

The functional improvement during stress (leg raising 
and bicycle exercise) occurred because after bypass 
grafting to the left anterior descending artery neither 
angina pectoris nor ischemia occurred. Regional ven- 
tricular function was particularly improved in the area 
of the anterior wall (+500 percent). End-systolic volume 
was reduced and global ventricular function markedly 
improved. A higher work load was tolerated than before 
operation. After bypass surgery, patients with coronary 
heart disease performed similarly to a healthy control 
group under stress conditions. 

End-diastolic volumes were unchanged with ex- 
tremely high (preoperatively up to 40 mm Hg) and low 
(postoperatively down to 15 mm Hg) values for end- 
diastolic pressure. These findings document a steep 
downward shift of the pressure-volume curve. Böttcher 
et al.!? reported similar results in dog experiments. 

Ischemic dysfunction of the anterior ventricular wall 
preoperatively is compensated for by a marked increase 
in shortening of nonischemic myocardial areas of the 


inferior wall. Postoperatively this phenomenon disap- 1 
peared because the anterior wall regained adequate 2 
function. Hd 
Heart rate was significantly higher after than before — 
operation. The increase in heart rate was probably due — 
to hyperkinetic reaction or increased sympathetic | 
stimulation, which decreases with time elapsing after 
surgery. The improvement in left ventricular perfor- — 
mance (velocity of mean circumferential fiber short- - 
ening, ejection fraction, velocity of fiber shortening) was — 
only to a small degree due to the postoperatively in- | 
creased heart rate. The same applies to the increase in — 
maximal rate of rise of left ventricular pressure. E 
In patients of Group II after unsuccessful surgery | 
left ventricular end-diastolic pressure was not reduc a 
postoperatively either at rest or after stress, and overall ^g 
left ventricular function did not improve. A 
In conclusion: Our results indicate that after bypass 3 
surgery left ventricular function does not improve at - 
rest but shows marked improvement during exercise. — 
Improvement in regional wall motion is most pro- - 
nounced in those areas that are most impaired preop- H 
eratively. This effect occurs during leg raising and toa — 
greater extent during physical exercise. ' E 


A 
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Surgical Implications and Results of Combined Aortic Valve 
Replacement and Myocardial Revascularization 


To better define the indications for and results of simultaneous aortic valve 
replacement and myocardial revascularization, a cohort of 27 1 patients 
with angiographically defined coronary anatomy who underwent xenograft 
bioprosthetic aortic valve replacement were analyzed. Two hundred and 
twelve patients had predominant aortic stenosis, and 55 had pure aortic 
regurgitation. Discordance between the clinical assessment of angina 
and the angiographic assessment of coronary artery disease was apparent 
in 39 percent of the patients with aortic stenosis and 45 percent of the 
patients with aortic regurgitation. Thirty-seven percent of patients in the 
aortic stenosis subgroup without angina and 41 percent of patients in the 
aortic regurgitation subgroup without angina had hemodynamically sig- 
nificant coronary artery disease. Concomitant coronary artery bypass 
grafting and aortic valve replacement were performed in 101 patients. 
The incidence of perioperative myocardial infarction and operative death 
was significantly greater (P <0.05) in the subsets of patients with coro- 
nary disease than in those without coronary disease (9.9 percert versus 
0.7 percent and 8.3 percent versus 2.2 percent, respectively). Late 
postoperative angina and myocardial infarction also correlated with the 
preoperative presence of coronary artery disease. Excluding operative 
mortality, the late actuarial survival rate (mean follow-up, 1.6 years; 
maximal follow-up, 4.9 years) was not statistically lower for the patients 
with coronary disease. 

It is concluded that angina pectoris in patients with aortic valve disease 
is not a reliable indicator of coronary artery disease and that patients with 
coronary disease who undergo aortic valve replacement have an in- 
creased risk. It is inferred from this study that preoperative coronary ar- 
teriography is advisable in most adults undergoing the evaluation of aortic 


valve disease and that simultaneous aortic valve replacement and myo- — 


cardial revascularization may provide some protection against late attrition — 
due to the combined effects of coexistent aortic valve and coronary artery 


disease. 


Soon after the advent of aortocoronary bypass grafting, this procedure 
was used in conjunction with aortic valve replacement. Early attempts 





d» 


k: 
k 


were associated with high risk, as indicated by an operative mortality _ 


rate of 86 percent reported in one small series in 1971.! Subsequent ad- 
vances in operative techniques (especially in providing intraoperative 
myocardial protection) have resulted in substantially improved surgical 
results.?-? The indications for preoperative coronary arteriography have 
been liberalized, and concomitant myocardial revascularization at the 
time of valve replacement has become common. Despite the recent im- 
provement in results, the reported perioperative infarction rates (ranging 
from 3 to 27 percent) and operative mortality rates (ranging from 4 to 
20 percent)?-!? indicate that operative morbidity and mortality for the 
combined procedures is higher than for either procedure alone. Fur- 
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thermore, it remains unproved that concomitant myo- 
cardial revascularization may reduce operative risk, 


improve long-term survival or importantly affect 


functional benefits. provided by aortic valve replace- 
ment alone. This study was carried out to examine the 


results of the combined operation and to develop 


guidelines for the appropriate management of patients | 


with coexisting coronary and aortic valve disease. 


Clinical Material and Methods 


Patients: Three hundred and eighty-four patients under- — 
went isolated aortic valve replacement with a glutaral- 


dehyde-preserved porcine xenograft bioprosthesis (Hancock 
Laboratories, Anaheim, California) since 1971. Patients who 
received mechanical prosthetic valves (this group represented 


a majority during the earlier years of this study period) were - 


excluded from this analysis to eliminate any potential influ- 
ence of the type of prosthesis on late survival. Between August 


1972 and April 1977, 271 patients underwent preoperative 


coronary arteriography; they constitute the basis for this re- 
port. T'he average age was 61 years (range 21 to 84), and 209 
patients were men. The patient population thus defined by 


coronary arteriography was classified on the basis of pre- - 


dominant functional valve lesion: 212 patients (78 percent) 
had pure aortic stenosis or stenosis with minimal regurgita- 


tion, 55 patients (20 percent) had pure aortic regurgitation, 


and four patients had dysfunction of prosthetic valves without 
either hemodynamic lesion. 


Clinical and arteriographic features of patient 
subgroups: Coronary artery disease was defined as the | 


presence of luminal diameter narrowing of 60 percent or 
greater of any of the major coronary arteries or their primary 
branches. On the basis of this definition, 132 patients (49 
percent) in the study population had coronary artery disease 
and 139 (51 percent) did not. Six patients (5 percent of the 
patients with coronary disease) had lesions of the left main 
coronary artery. There were no significant differences (P 
70.05) in the incidence of coronary artery disease between the 
two major functional subgroups (50 and 42 percent for pa- 
tients with aortic stenosis and regurgitation, respectively). The 


Subtotal 
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TABLE | 


Concordance-Discordance Analysis Between Clinical 
Assessment of Angina Pectoris and Arteriographic 
Coronary Artery Disease* 

Aortic 
Regurgitation 


Aortic 
Stenosis Total 


Concordance 
+ Angina, 
+CAD 
—Angina, 
—CAD 
Subtotal 


77/212 (34%) 80/267 

(30%) 

79/267 

(30%) 
159/267 
(60%) 


8/55 (15%) 
22/55 (40%) 
30/55 (55%) 


57/212 (27%) 
129/212 (6196) 


J. Discordance 
. -* Angina, 


59/267 

(2296) 

' 49/267 

(18%) 
108/267 

(4096) 


49/212 (23%) 
34/212 (1696) 


10/55 (1896) 
15/55 (2796) 
25/55 (4596) 


—CAD 
— Angina, 

+CAD 
83/212 (39%) 


* Four patients with prosthesis dvstunctlón were excluded. 
+ = present; — = absent; CAD = coronary artery disease. 


significantly higher mean age of the patients who had aortic — 
stenosis compared with those who had aortic regurgitation (63  . 

years versus 56 years, P = 0.01) probably accounts for the — 

slightly greater proportion of patients with coronary disease .- 
in the former subgroup. Three of the four patients with : 


prosthetic valve dysfunction had coronary disease on arteri- — 


ography. The incidence of coronary disease correlated directly 
with patient age (Fig. 1), confirming the findings of earlier 


reports.?.1? However, it should be noted that during the time — 


period under consideration no consistent criteria were used 


-as indications for coronary arteriography; only 42 percent (162 
= of 384) of all patients who underwent bioprosthetic aortic 


valve replacement during this period had angina pectoris, . 
whereas 71 percent (271 of 384) of the total group underwent : 
arteriography. In recent years preoperative coronary angi- — 
ography has become nearly routine at our center in patients — 


over age 40 years undergoing evaluation for valvular heart 


disease. Fifty-seven percent (121 of 212) of the aortic stenosis . 
patients and 33 percent (18 of 55) of the aortic regurgitation 


_ patients who underwent arteriography were judged to have - 


angina. 
A total of 34 preoperative and intraoperative clinical, — 


Y 


5 


hemodynamic and angiographic variables were collected ford f 


each patient. The relation between clinical angina pectoris 
and angiographic coronary artery disease was most clearly . 


appreciated when analyzed using a concordance-discordance 3 


hypothesis (Table I). This relation was discordant in 39 per- 
cent of patients with predominant aortic stenosis and in 45 


percent of patients with pure aortic regurgitation. It was de- 3 
termined from these data that 37 percent (34 of 91) of the © 


patients in the stenotic subgroup and 41 percent (15 of 37) of — 


those in the regurgitant subgroup without angina had occlu- a 


sive coronary arterial lesions. Conversely, 40 percent (49 of © 


121) and 56 percent (10 of 18) of the patients in the same | 
functional subgroups with preoperative angina were found | 


to have no coronary artery disease. 
Patients with documented coronary disease were signifi- 


cantly older, were predominantly male, and had a higher in- - 


cidence of previous myocardial infarction (Table IIA). In 
addition, the subset of patients with coronary artery disease 
had a significantly greater incidence of arterial hypertension 
and renal dysfunction. However, no significant relation was 
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— TABLE Il | 
L- Preoperative Clinical, Angiographic and Hemodynamic Variables and Operative Features 


All Patients 

(no. = 271) 

CAD . No CAD 
(no. — 132) — (no. — 139) 


~~. 
t 
E e 


v 


-. Mean age (yr) 

— Sex (M/F ratio) 

_ Angina (96) 

Previous MI (96) 

- Hypertension (95) 

. Renal Sitio (%) 
por (96) 


_ NYHA class (no.) 
Fl- 
M 

V 


E. SecA. Preoperative Clinical Characteristics 


Aortic Stenosis Subgroup 
(no. = 212) 
No CAD 
(no. = 106) 


P CAD 
Value (no. — 106) 


«0.001 
«0.05 
«0.05 
«0.05 
«0.05 
=0.002 
NS 


Don 
i 


e 


NS 


aos 8 


ES B. Preoperative Left Ventricular Function 


. Abnormal left 
Z ventriculogram (%) 
_ Cardiac index 
a ae per m?) 2.5 
: PA wedge pressure 
E. imm Ho) 13.2 
. LVEDP (mm Hg) 19.9 
. Peak Ao gradient 
EU Hg) 


«0.05 


NS 13.0 | 13. NS 
NS 19.6 | ).4 NS 


68 7. NS 


- Ao = aortic; CAD = coronary LU disease; CHF = = FANEY heart failure; F = female; LV = - left ventricular; LVEDP = left ventricular end-diastolic 
T pressure; M = male; MI = myocardial infarction; NS = not i shea NYHA = New York Heart Association; P = : probability; PA = pulmonary 


. arterial. 


J found between coronary disease and New York Heart Asso- 
3 ciation functional class?? or preoperative congestive heart 
3 failure. 


Table IIB summarizes the data on preoperative left ven- 


io duction. The incidence of angiographically- defined 
' left ventricular dyssynergy was greater in patients with cor- 
; onary disease (P <0.05). However, there was no significant 
difference between patients with and without coronary disease 
- (analyzed as a single group or as separate groups according to 
_ predominant functional valve lesion) with regard to left 
^ ventricular end-diastolic pressure or cardiac index. The av- 
- erage peak systolic valve gradient for patients with predom- 
ant aortic stenosis was slightly lower in patients with than 
Fi in those without coronary disease (68 versus 73 torr; P not 
— significant). 
- . Average aortic crossclamp times (76 versus 59 minutes, P 
-€0.01) and total perfusion times (128 versus 95 minutes, P 


— —«0.01) were significantly longer for patients with coronary 


= lesions, and 77 percent of these patients (101 of 132) under- 
ent concomitant aortocoronary bypass grafting. In patients 
- with coronary artery disease, the average number of diseased 
É - vessels was 2.2, and the average number of grafts inserted was 
_ 1.2 per patient. Vessels considered diseased that were not 
bypassed usually represented nondominant circumflex or 
right coronary arterial systems or minor branches that sup- 
ud plied relatively small portions of the total left ventricular 
- mass. 
— Operative techniques: The operative techniques used for 
- aortic valve replacement with or without concomitant coro- 
-nary bypass grafting were modified only slightly during the 
- study period. A median sternotomy incision was used in all 
- cases. Low flow (40 to 50 ml/kg per min), low pressure car- 
- diopulmonary bypass using a disposable oxygenator, moderate 
- systemic hypothermia (30 to 32° C) and hemodilution were 
- standard procedures. Valve poPpont and all distal coro- 


A A 


nary graft anastomoses were performed during a single anoxic 
interval. During periods of aortic crossclamping, myocardial 
protection was provided by profound topical hypothermia.!721 
In approximately 50 percent of the cases, continuous topical 
endocardial cooling was combined with topical epicardial 
cooling during performance of the distal coronary anasto- 
moses, and was accomplished by means of a second cold saline 


. line inserted through the aortic root into the left ventricle. The 


autologous saphenous vein was used almost exclusively for 
bypass grafts; left ventricular venting was used in less than 
5 percent of the cases. 

Patient follow-up: Methods for patient follow-up were 
previously described in detail.?? All surviving patients were 
evaluated by personal examination or by direct contact with 
their physicians during a 2 month closing interval ending in 
June 1977. No patient was lost to follow-up. An aggregate total 
of 402 patient-years was accumulated for data analysis. The 
maximal follow-up period was 4.8 years (average 19.5 months). 
All deaths that occurred within 30 days of operation or during 
the same hospitalization were considered operative deaths. 
Perioperative and late myocardial infarction were assessed 


. With standard electrocardiographic and enzymatic criteria, 


including both transmural and subendocardial infarctions. 

Some previous reports withdrew patients who died post- 
operatively of noncardiac-related causes from the actuarial 
analysis. However, to provide a realistic long-term perspective 
for our data, all postoperative deaths were included in the 
analysis. Survival was calculated with standard nonparametric 
actuarial methods (Kaplan-Meier),?? and actuarial curves 
were compared using the Gehan modification of the one-tailed 
Wilcoxon test.?* Other data were compared using Student's 
t test, the Fisher exact test for small sample sizes and chi- 
square contingency table analysis when appropriate. A two- 
tailed significance level was assigned to the P values thus 
obtained. | 
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Results 


Operative morbidity and mortality: The overall 
operative mortality rate for the 271 patients was 5.2 
percent (Table III). The rate was significantly higher 
in patients with coronary artery disease than in those 
without in the total group of patients and in the 


subgroup with predominant aortic stenosis; however, "i 
the rate was not higher in the smaller subgroup with 
aortic regurgitation. The incidence of perioperative 


myocardial infarction was also greater in patients with 
coronary disease. Within the subset of patients with 
coronary artery disease, the operative mortality rate was 
not significantly greater in patients who had a periop- 
_erative infarction than in those who did not (7.7 percent 
versus 7.6 percent, P not significant). Similarly, in the 
subset of patients without coronary disease, the oper- 
ative mortality rate was not significantly different in 


patients with and without perioperative myocardial 


infarction. 
There was no biblica relation between aortic 
crossclamp time considered as a single independent 


variable and operative mortality rate, frequency of *low - 


cardiac output syndrome" or late functional status in 
either the total group or the two functional subgroups. 
However, crossclamp time differed significantly in pa- 
tients with and without perioperative myocardial in- 
farction (75.1 versus 65.4 minutes, P — 0.02). It must be 
noted in this context that the purity of aortic crossclamp 
time as an independent variable cannot be proved be- 
cause of its cross-correlation with the presence and ex- 
tent of coronary artery disease and the higher preop- 


erative incidence of renal dysfunction i in patients with 


TABLE IV 


TABLE Ill 


Operative Mortality and Perioperative Myocardial Infarction 
in Relation to Functional Aortic Lesion and Coronary Artery 
Disease 
Perioperative 

MI (96)* 


Operative 
Mortality (96) 


Aortic stenosis (no. — 212) 

. With CAD (no. = 106) 
Without CAD (no. — 106) 

Aortic regurgitation (no. — 55) 
With CAD (no. = 23) 
Without CAD (no. — 32) 

Total population! (no. = 27 1) 
With CAD (no. — 132) 
Without CAD (no. — 139) 


P«0.005 9.4 P «0.005 


* Two patients (one with stenosis and one regurgitation) who died 
in the operating room were not considered in the analysis. 
. f Including four additional patients with prosthetic valve dysfunction 
(see text). 

CAD = coronary artery disease; MI = myocardial infarction; NS = 
not significant. 


coexistent coronary disease. The majority of the 14 early _ 3 
postoperative deaths were cardiac-related, both in pa-  - 


tients with associated coronary disease (64 percent) and 
in those without coronary lesions (67 percent). ; 

Influence of coronary artery bypass grafting 
on perioperative morbidity and mortality: Within 
the total group with coronary artery disease, 101 pa- 
tients underwent bypass grafting and 31 (23 percent) 


.. did not. Pertinent preoperative and operative variables 


in these two groups are compared in Table IV. Signifi- 


Preoperative and Perioperative Characteristics of Patente With. Coronary Artery Disease With and Without Concomitant 


Bypass Grafting © 


All Patients With js 


Patients With Aortic Stenosis 
and CAD 


(no. — 13281. 7. 
No CABG | 
a ves = gn. 


(no. = 106) 


(no. — 101) 


Mean age (yr) 
Sex (M/F ratio) 
Angina (96) 
Previous MI (96) 
Hypertension (9^) 
Renal dysfunction (96) 
CHF (96) 
- Abnormal left ventriculogram (%) 
Cardiac index (liter/min per M^) 
Peak Ao gradient (mm Hg) 


B. Perioperative Variables 


Total CPB time (min) 

Ao crossclamp time (min) 
Perioperative MI (96) 

Renal dysfunction (96) 
Postoperative mortality (96) 
Cardiac deaths (96) 
Diseased vessels (no.) 
Bypass grafts (no.) 


Ao = aortic; CABG = coronary artery bypass grafting; CAD = coronary artery disease; CHF = congestive heart failure; CPB — cardiopulmonary 
bypass; F — female; M — male; MI — myocardial infarction; NS — not significant; P — probability. 
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TABLE V - 
. Late Postoperative Morbidity and Functional Results 
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Discharged Patients With 


All Discharged Aortic Stenosis 
Patients (no. = 257) no. = 201) 
Be CAD No CAD CAD No CAD 
E. (no. — 121) (no. — 136) P (no. = 96) (no. 105) P 
ocardial infarction (% )* 3.3 0 0.05 2.1 0 NS 
Mec da 17 6.6 «0.05 16 6.7 NS 
eels class (no. 
I-II “ } 112 127 92 99 
m 1 4 NS 0 4 NS 
AV 0 0 0 0 
A OHF (%)* | 14 18 NS 10 14 NS 







= * Percent of current survivors. 


ps probability. 
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CAD = = coronary artery disease; CHF = congestive heart failure; NS = not significant; NYHA = New York Heart Association functional class; 


p ive: Follow-Up and Functional Results of aba sn Patients With Coronary Artery Disease With and Without 





4. All Discharged Discharged Patients With 
ONES Patients With Aortic Stenosis and CAD 
Enc CAD (no. = 121) no. — 96) 
FL. CORONEL C NEC NEADO ka CABG No CABG 
en. x (no. = 92) (no. = 29) P (no. = 78) (no. — 18) P 
"Y - Myocardial infarction 96 3:3 3.4 NS 2.6 0 NS 
ORO ca bud 16 17 NS 18 5.6 NS 
NYHA ded (no.) 
86 26 74 18 
E. > 1 0 NS 0 0 NS 
E iv 0 0 0 0 
CHF (%)* l 14 10 NS 13 0 NS 


a 
|. 
ES 


E «c ls Percent of current survivors. 





CABG : = coronary artery bypass grafting; CAD = coronary artery disease; CHF = congestive heart failure; NS = not significant; NYHA = New 


probability. 


M! 


E York Heart Association functional class; P = 


E 
- cant differences were found in cardiopulmonary bypass 
. time and aortic crossclamp time, and in the incidence 
f of preoperative angina pectoris, myocardial infarction 
= and postoperative renal dysfunction. Perhaps most 
— importantly, in the patients who did not have coronary 
= bypass grafting, the average number of diseased coro- 
4 E nary vessels was significantly smaller, and the distri- 
- bution of coronary lesions in terms of the extent of 
p jeopardized left ventricular mass was different. The 
b. operative mortality rate and perioperative myocardial 
. infarction rate did not differ significantly in patients 
f; . who did and did not have bypass grafts. However, the 
A number of patients without bypass grafts was relatively 
small. Further analysis of only patients who underwent 
. bypass disclosed that neither the number of diseased 
_ coronary arteries nor the number of bypass grafts con-. 
_ structed correlated significantly with operative or 
perioperative myocardial infarction rates. 
_ Late postoperative morbidity and functional 
. results (Table V): When the patients with and without 
— coronary disease were compared, there was no signifi- 
. cant overall difference in the distribution of patients 
. within the New York Heart Association functional 
classification or in the incidence of congestive heart 


~ 
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failure. The total group of patients with coronary dis- 
ease had a significantly higher incidence of postopera- 
tive angina pectoris (P «0.05) and a higher incidence 
of late postoperative myocardial infarction (P = 0.05) 
than the group without coronary disease. In the patients 
with aortic stenosis, the findings were similar but not 
statistically significant. In the subset of patients with 
no significant coronary disease preoperatively (136 
discharged patients, total follow-up of 22€ patient- 
years) no patient has had late postoperative myocardial 
infarction to date, although 9 had angina pectoris 
postoperatively. 

Influence of concomitant bypass grafting on late 
postoperative morbidity and functional status: 
Variables of late follow-up, late postoperative compli- 
cations and functional classification for patients with 
coronary artery disease, subclassified according to 
whether bypass grafting was performed concomitantly 
with aortic valve replacement, are summarized in Table 
VI. In both the total group and the subgroup with aortic 
stenosis, bypass grafting appeared to have no significant | 
effect on the incidence of late postoperative myocardial - 
infarction, residual angina pectoris or congestive heart 
failure, or on the distribution are within the New 
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PERCENT SURVIVAL 


WITHOUT CAD (N= 139) 
WITH CAD (N = 132) — 


A T PM 
YEARS POSTOPERATIVE 


e WITHOUT CAD (N - 136) 
© WITH CAD (N = 121) 


PERCENT SURVIVAL 


-— 
YEARS POSTOPERATIVE 


FIGURE 2. Actuarial curves showing the survival rates for patients with. 
and without coronary artery disease. Bars indicate plus and minus the 
standard error of the mean. The dashed portions of the survival curves 


represent the time from the last actuarial event (death) to the maximal 
follow-up interval. A, all patients. B, discharged patients. CAD — cor- 
onary artery disease; N — number of patients, NS — not significant. 
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York Heart Association functional classifications. 
However, the number of patients with coronary disease 
who did not undergo bypass grafting i is small, and they 
cannot be considered a genuine control group. 
Long-term survival: Postoperative actuarial sur- 


vival rates for the entire series (classified in subsets with 


and without coronary artery disease) are shown in 
Figure 2. Including operative deaths, the probability of 


survival 2.3 years postoperatively for all 271 patients 


was 87 + 2 percent (mean + standard error of the 
mean). The survival rate was higher (P <0.02) for pa- 


tients without coronary disease (92 + 3 percent at 2.3 
years, with no further reduction to 4.9 years maximal 


follow-up) than for those with coronary disease (82 + 
4 percent at 1.8 years postoperatively, with no further 
reduction to 3.5 years maximal follow-up) (Fig. 2A). 
However, when operative mortality was excluded in 
calculating the actuarial survival curves, the long-term 
survival rates for patients in the two subsets did not 
differ significantly (Fig. 2B). 

Identical trends were found in the analysis of long- 


PERCENT SURVIVAL 


e AS, AS/AR WITHOUT CAD (N = 106) 
© AS, AS/AR WITH CAD (N = 106) 


è AS, AS/AR WITHOUT CAD (N = 105) 
© AS, AS/AR WITH CAD (N = 96) 


PERCENT SURVIVAL 


YEARS POSTOPERATIVE 
FIGURE 3. Actuarial curves showing patient survival rates for the 


. functional subgroup of patients with predominant aortic stenosis with 


and without coronary artery disease (CAD). A, all patients. B, discharged 
patients. AS, AS/AR = subgroup with predominant aortic stenosis, 
without or with minimal aortic regurgitation; N — number of patients. 


term survival rates for the more homogeneous aortic 
stenosis subgroup, which by chance consisted of 106 


patients without coronary disease (Fig. 3A). The prob- 
ability of survival for patients with coronary disease was 


84 + 4 percent at 1.4 years, in contrast to 95 + 2.9 per- 
cent at 2.3 years for those without coronary disease (P 
— 0.003). Maximal survival extended to 3.5 years and 
4.9 years, respectively. The exclusion of operative deaths 


from the actuarial calculation of postoperative survival 


again eliminated any significant difference between the 


survival rates for patients with and without coronary 


artery disease (Fig. 3B). The number of patients with 


. A aortic regurgitation was substantially smaller. For these 


55 patients, there was no significant difference in 
actuarial survival related to the presence of coronary 
artery disease or bypass grafts. 

Eight of the 13 late postoperative deaths in the total 


series were related to cardiac disease: two occurred 


suddenly (presumably due to arrhythmias), two were 
caused by acute myocardial infarction, two were related 
to complications of infective endocarditis, and two were 
caused by progressive congestive heart failure. 
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Influence of coronary bypass grafting on late 
. survival: Late actuarial survival (excluding operative 
= mortality) was compared in three subgroups of the en- 
- AM tire study group: patients without coronary disease, 
. patients with coronary disease and concomitant bypass 
_ grafts, and patients with coronary disease but without 
-— bypass grafts. No significant differences were found (P 
—. 20.05). Although the groups are not strictly comparable, 
the survival probability was similar for patients without 
coronary disease and for those with coronary disease 
EC and coronary bypass grafting (94 + 3 percent at 4.8 years 
. versus 92 + 4 percent at 3.5 years, P not significant). A 
. comparison of these two survival curves with the sur- 
= vival curve of patients with coronary disease without 
. bypass grafting suggested a lower survival rate late 
ideni arid in the latter group (82 + 12 percent at 
3.3 years), but the differences were not statistically 

E significant (P — 0.17 and 0.36, respectively). 











" P. Discussion 

- Because in recent years aortic valve replacement has 
Ebo performed more often in older patients, candidates 
for combined aortic valve replacement and coronary 
ass grafting will probably be encountered more 
often. Therefore it is important to attempt to define 
E ; - more accurately the impact of coexistent coronary dis- 
= ease on both the natural and postoperative history of 
. aortic valve disease. Unfortunately, most previous 
Promises on the subject was derived from relatively 
|. unsuccessful attempts to perform aortic valve replace- 
ba ment in patients with coronary disease that had not 
— been treated surgically.!?25.26 Furthermore, it is now 
. difficult to justify the failure to use coronary artery 
- bypass grafting in the operative treatment of patients 
= with symptomatic aortic valve disease and angio- 
graphically documented coronary lesions that may 
jeopardize substantial portions of left ventricular 
myocardium. Therefore controlled, randomized studies 
of the efficacy of coronary bypass grafting in conjunc- 
tion with aortic valve replacement are unlikely. Ac- 
cordingly, conclusions based upon the comparison of 
_ A selected subgroups (such as those in this report) are not 
E. perfect but may be instructive. 
3 Prevalence: Controversy exists about the prevalence 
of coexistent coronary artery and aortic valve disease. 
Investigators have reported incidence rates ranging 
from 17 to 63 percent.?:5.10.19,27,28 This wide variation 
may be attributed to differences in the populations 
studied (such as differences in the age of the patients 
or the causes of aortic valve disease), to differences in 
the definition of significant coronary disease, to unde- 
fined institutional bias in the selection of patients for 
coronary angiography, and to fundamental differences 
_ inreferral patterns. Clarification of the relation between 
— coronary artery disease and aortic valve disease is fur- 
= ther confounded by the subjective nature of angina 
= pectoris and its identification in association with aortic 
valve lesions.?:5.10.18,26-29 

Indication for coronary arteriography: As our 
analysis demonstrated, the presence or absence of an- 
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gina pectoris i in patients with aortic valve dishes cor- 
relates poorly with the presence or absence of significant 
coronary stenosis. Thus, preoperative symptoms in 
many such patients are of little value in predicting 
coronary artery anatomy. We believe that these findings 
strongly indicate that routine coronary arteriography 
should be used in the preoperative evaluation of aortic 
valve disease in all patients over age 40 years. This 
conclusion contradicts conclusions reached in other 
studies.1925.2? However, our experience indicates that 
the incidence of coronary artery disease in patients with 
aortic valve lesions is directly related to age and that the 
presence of this disease is nct reliably revealed clinically 
in spite of the increased left ventricular workloads im- 
posed by aortic valve dysfunction. 

Operative mortality and myocardial infarction: 
Our study reconfirms conclusively that the dual 
pathologic processes of coronary artery disease and 
aortic valve disease have an additive effect that in- 
creases operative mortality and morbidity rates. The 
incidence rate of perioperative myocardial infarction 
in our patients with concomitant bypass grafting and 
aortic valve replacement was 13 percent. This finding 
is similar to the findings at other institutions.?5.10,14,15,26 
However, it was recently demonstrated that the inci- 
dence of transmural perioperative myocardial infarction 
may be substantially reduced with the use of hypo- 
thermic cardioplegia for myocardial protection during 
periods of aortic crossclamping.? In that report from the 
University of Alabama? and in others,?14?6 it was 
demonstrated that both profound topical hypothermia 
and hypothermic cardioplegia were more effective in 
preserving myocardial viability and function than 
continuous coronary arterial perfusion. Richardson et 
al.? reported a significant direct correlation between 
perioperative myocardial infarction and early postop- 
erative death; however, this correlation was not con- 
firmed in our series. The reason for these contradictory 
findings is not known. 

We found a higher risk of operative death in patients 
with concomitant coronary disease than in those with- 
out combined coronary and valve disease; similar 
findings have been reported by others.?:5.7.12.14,16,18,25,26 
However, a different conclusion was reported in two 
recently updated studies,*^?? but both of these studies 
reported somewhat higher operative mortality rates for 
aortic valve replacement alone in patients without 
coronary artery disease. Interestingly, coronary perfu- 
sion rather than hypothermic anoxic cardiac arrest was 
used in both of these studies. Therefore, we would not 
alter our conclusion that coexistent disease has an ad- 
ditive effect and increases the operative risk in patients 
who undergo concomitant bypass grafting and aortic 
valve replacement. 

Late angina pectoris, myocardial infarction and 
cardiac death: The higher incidence of late postoper- 
ative angina pectoris and late myocardial infarction in 
patients with coronary artery disease who undergo si- 
multaneous bypass grafting and aortic valve replace- 
ment is not an unexpected finding and is confirmed by 
other comprehensive reports that include late functional 
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status. 3,5-9,30 Whether such nonlethal late postoperative 
events would have occurred less frequently if patients 
_with incomplete revascularization had not been in- 
cluded in our series is not known. 
It has been widely suggested that the late postoper- 
ative survival rate is lower in patients with these coex- 
 istent diseases. However, actuarial analysis of late 
postoperative survival in this study (excluding operative 
. deaths) showed that patients who underwent simulta- 
neous aortic valve replacement and bypass grafting had 
a late survival rate that was not significantly lower than 
the rate in patients without coronary disease. This 
corroborates the recent findings of Macmanus et al.30 
This observation suggests, but does not prove, that 
bypass grafting may provide some protection against 
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late cardiac death due to coronary atherosclerosis, and — 
thus indirectly supports the efficacy of a combined - 3 
operative approach. 

Implications of study: Clearly, a longer follow- -up - 
period is needed in patients who undergo combined | 
procedures and in those who undergo coronary artery |. 
bypass grafting alone before stronger conclusions can | 
be reached. We now believe that in patients with aortic 
valve disease who are age 40 years or older, coronary . 
arteriography should be performed routinely during - 
preoperative evaluation. If significant coronary lesior 
are present in vessels supplying substantial portions of. i 
the left ventricle, it appears prudent to combine myo- - f 
cardial revascularization with aortic valve replace- 
ment. 
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THE WHOLE PAPER 


E æ Address manuscript to Managing Edi- 
- tor, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 10019. © 
a e Submit two copies of all elements of 
4 the article: text, references, legends, ta- 
bles and figures. 

E m Arrange the paper in this order: (1) 
. title page; (2) abstract; (3) text; (4) ref- 
"erences; (5) legends; (6) tables; and (7) 
T2 figures. 
ds je Number all pages in above se- 
— quence, beginning with title page as 1, 

á - abstract as 2, etc. 

= œ Type all matter: (1) on 8'5 X 11 

E opaque white bond paper; (2) in dupli- 

— cate; (3) on one side of each sheet only; 

_ (4) double-space; (5) leave wide mar- 
gins, all four sides. 


THE TITLE PAGE 


— œ Include first names, degrees and, 

- where applicable, FACC for all authors. 
* Provide a short running title of 3 to 6 
words. 


e Insert at bottom: name and address - 


of institution from which work oripinated 
plus information about grants. 

e Add at bottom the phrase "Address. 
for reprints: ...'" followed by full name 
and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: list of 2 to 6 


key words and subjects for indexing. — 
THE TEXT Music Fo): 
e Type in duplicate; double-space. t 


e Do not use abbreviations such as 
SVC, WPW: write out superior vena 
cava, Wolff-Parkinson-White. 

e Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 

e Cite in numerical order- every refer- 
ence, figure and table. (Order of men- 


tion in text determines the number iven 


to each.) 
e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 


e Number the references in order in 


which they are mentioned in text. 

e Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the aK PANAD 
(abstr). 

e Follow the general arrangement, ab- 
breviations and punctuation 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 
e Type in duplicate; double-space. 


e Number pages in ROMA Oi after last 


page of references. 


e Identify at the end of each legend d 
in alphabetical. order all abbreviations in- 


the figure described. — 2 
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e Start each table at top of new page. F 


e Type in duplicate; double-space. 


styles 


e Give each table a number (in roman 
numerals: Table |, ll, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 


e Provide a footnote to each table— 


identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 


of each photo and drawing. 


* Please note that art work of pub- 
lished articles will not be returned. 
e Use black ink for all charts (line 


drawings). Make decimals, broken lines, 


etc. strong enough for reproduction. 


* Use arrows to designate special fea- 


tures. 
e Crop photomicrographs to show only 


essential field. 


e Identify figures on back by number 
and author's name. 


.* Number figures in order in which they 


are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from pub- 
lisher and author to reproduce any pre- 


viously published figures. 


e Limit figures to number necessary for 
clarity. The publisher allows a limited 
as toward reproduction. 


. Examples of Styles of References 


For periodicals, follow INDEX MEDICUS, listing all authors: 


i 


31 Vismara LA, Vera Z, Miller RR, Mason DT: Efficacy of disopyramide phosphate in the 
. treatment of refractory ventricular tachycardia. Am J Cardiol 39:1027- 1034, 1977 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28 Schiebler GL, Van Mierop LHS, Krovetz LJ: Diseases of the tricuspid valve, chap 20. 
In, Heart Disease in Infants, Children and Adolescents (Moss AJ, Adams F, ed). 
Baltimore, Williams & Wilkins, 1968, p 134 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New York, Oxford University Press, 1966, p 
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Each effervescent tablet in solution supplies 50 mEq potassium as bicarbonate and citrate. 
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orange and lime flavors 
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potassium/tablet. 


m Eliminates multidose confusion 
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other drugs. 

m A record of safety...no reports of 
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mize the possibility of gastrointestinal irritation associated with the oral ingestion of concentrated 
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5 I every Cardiologist, Internist, Pediatrician, Surgeon — Indeed, Every Physi- 
- cian — Should Have a Good Basic Knowledge of The Pre-excitation Syn- 
_ drome. Here Are Just a Few Reasons Why This is so Essential: 
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. © % of all pre-excitation cases are misdiagnosed. 

- O 5% to 10% of all tachycardias in adults are produced by pre-excitation. 
— 1 In Ve of all infants under 10 months of age with life-threatening tachycar- 
dias, the tachycardias are actually secondary to pre-excitation. 

— [3 *a to % of all children with pre-excitation have an additional heart dis- 
| . ease. 


. Starting with Wolff, Parkinson and White's classic paper, this book gives a 
. comprehensive summary of all important facts of pre-excitation, plus the 

. authors’ personal experiences of follow-up studies of patients through 
. many decades. It also brings a broad view of the literature and discusses 
the different structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


"What is offered rich!y in this book is a methodical and comprehensive analysis of 
virtually ali currently available knowledge on the subject. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints but at the same time eval- 
uating relative strengths and weaknesses of each observation and hypothesis. There is 
brought a wisdom here which only time and experience can provide. The encyclopedic 
references alone would make the book invaluable to anyone seriousiy interested in the 
Wolff-Parkinson- White syndrome. But when knowledgeable discussion and personal 
observations are added, it is genuinely a monumental contribution to clinical cardiology 
and cardiac electrophysiology. " 


Thomas N. James, MD 
The Mary Gertrude Waters Professor of Cardiology 
and Chairman of the Department of Medicine, 
The University of Alabama in Birmingham, 
and Physician-in-Chief, University of Alabama Hospitals 


The 13 Chapters Are a Comprehensive Summary 


1. General Considerations 
2. The Electrocardiogram in the Pre-excitation 
Syndrome: Complexes and Configurations 
3. The Electrocardiogram in the Pre-excitation 
Syndrome: Disturbances of Rate and Rhythm 

4. Pathology 

5. Noninvasive Methods of Investigation 

6. Invasive Methods of Investigation 

7. Prognosis ; 

8. Treatment 

9. Problems of Diagnosis — Some Illustrative 
Cases 

10. Summary of Findings and Theories of Pre- 
excitation Syndrome 

11. Concept of Interacting Structural and Func- 
tional Factors 

12. Explanation of Some Phenomena of the Pre- 
excitation Syndrome by the Proposed Concept 

13. Various QRS Patterns in the Different Forms 
of Pre-excitation 


Obtain your copy of 

THE PRE-EXCITATION SYNDROME 
on approval for 30 days 

by sending in 

the order form TODAY 
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O Bill me plus cost of shipping 
O Payment enclosed, publisher pays for shipping 
O Charge my credit card Expire date 
O MasterCharge O Visa 


Card No. 


e New York residents add sales tax. Outside Western Hemisphere prepay in 
Yorke Medical Books U.S. funds or charge to credit card and add $5.00 per copy 


666 FIFTH AVENUE, NEW YORK, N.Y. 10019 


Please send me a copy of THE PRE-EXCITATION SYN- — NAME LL 


DROME at $33.00. | may use the book for 30 days and if 
not completely satisfied, return it for full credit or refund. 
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USUAL MAXIMUM DAILY DOSAGE: 20 mg given in divided 
doses (Db... or t.i.d. ). A few patients may benefit from further 
Increases up to a daily dose of 40 mg given in divided doses. 


Initial therapy: Whether using Minipress in 
ombination with other agents or alone, the start- 

g dosage is 1 mg t.i.d. If response is not adequate 
by the next visit, the dosage should be increased 
o2mgt..d. 


Dosage titration: Thereafter, titrations of 
inipress should be carried out according to 
batient response. Dosage may be slowly increased 
o a daily maximum of 20 mg given in divided 
loses. Although some patients may be controlled 
in 1mg L..d., generally 6 mg to 15 mg daily will 
be Needed in the majority of responding patients 


order to achieve optimal blood pressure control. 


Maintenance therapy: After initial titration, 
atients may be maintained on a b.i.d. or t.i.d. 
osage regimen. 

If optimum control is not achieved in patients 
eceiving Minipressand a diuretic, consider adding 
nother Step 2 antihypertensive agent. 

Ifoptimumcontrol is notachieved with Minipress 
s the initial agent, consider adding a diuretic. 

When adding a diuretic or other antihyperten- 
ive agent, Minipress dosage should be reduced 
D1mg or 2 mg t.i.d. and retitrated as needed. 

Available in 1-mg, 2-mg, and 5-mg capsules. 
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BRIEF SUMMARY 

MINIPRESS* (prazosin hydrochloride) Capsules For Oral Use 
INDICATIONS. MINIPRESS (prazosin hydrochloride) is indicated in the 
treatment of hypertension. As an antihypertensive drug, it is mild to 
moderate in activity. It can be used as the initial agent or it may be employed 
In a general treatment program in conjunction with a diuretic and/or other 
antihypertensive drugs as needed for proper patient response 
WARNINGS. MINIPRESS (prazosin hydrochloride) may cause syncope 
with sudden loss of consciousness. in most cases this is believed tobe 
due to an excessive postural | amet effect, although occasion- 
ally the Syncopal episode has been preceded by a bout of severe 
tachycardia with heart rates of 120-160 beats per minute. Syncopal 
episodes have usually occurred within 30 to 90 minutes of the initial 
dose of the drug; occasionally they have been reported in association 
with rapid dosage increases or the introduction of another antihyper- 
tensive drug into the regimen of a patient taking high doses of 
MINIPRESS (prazosin hydrochloride). The incidence of oo 
episodes is approximately 1% in patients given an initial dose of 2 mg or 
greater. Clinical trials conducted during the investigational phase of 
this drug suggest that syncopal episodes can be minimized by limiting 
the initial dose of the drug to 1 mg, by subsequently increasing the 
dosage slowly, and by introducing any additional antihypertensive 
drugs into the patient's regimen with caution (see DOSAGE AND 
ADMINISTRATION). Hypotension may develop in patients given 
MINIPRESS who are also receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent position 
and treated supportively as necessary. This adverse effect is self-limiting 
and in most cases does not recur after the initial period of therapy or during 
subsequent dose titration 

Patients should always be started on the 1 mg capsules of MINIPRESS 
(prazosin hydrochloride). The 2 and 5 mg capsules are not indicated for 
initial therapy 

More common than loss of consciousness are the symptoms often 
associated with lowering of the blood pressure, namely, dizziness and 
lightheadedness. The patient should be cautioned about these possible 
adverse effects and advised what measures to take should they develop 
The patient should also be cautioned to avoid situations where imjury could 
result should syncope occur during the initiation of MINIPRESS (prazosin 
hydrochloride) therapy 

Usage in Pregnancy: Although no teratogenic effects were seen in 
animal testing, the safety of MINIPRESS (prazosin hydrochloride) in 
pregnancy has not been established. MIN PRESS (prazosin hydrochloride) 
IS not recommended in pregnant women unless the potential benefit 
outweighs potential risk to mother and fetus 

Usage in Children: No clinical experience is available with the use of 
MINIPRESS (prazosin hydrochloride) in children 
ADVERSE REACTIONS. The most common reaciions associated with 
MINIPRESS (prazosin hydrochloride) therapy are: dizziness 10.3%, head- 
ache 7.8%, drowsiness 7.6%, lack of energy 6.9%, weakness 6.5%, 
palpitations 5.396, and nausea 4.9%. In most instances side effects have 
disappeared with continued t py or have been tolerated with no 
decrease in dose of drug 

The following reactions have been associated with MINIPRESS (prazosin 
hydrochloride), some of them rarely. (In some instances exact causal 
)nships have not been established! 

Gastrointestinal: vomiting, diarrhea, cx 
and/or pain 

Cardiovascular: edema dyspnea, syncope, tachycardia 

Central Nervous System: nervousness. vertigo, depression, paresthesia 

Dermatologic: rash, pruritus 

Genitourinary: urinary 

EENT. blurred vision 
nasal congestion 

Other: diaphoresi« 

Single reports of pigmentary mottling and serous retinopathy, and a few 
reports of cataract development or disappearance have been reported. In 
these instances, the exact causa relationship has not been es:ablished 
because the baseline observations were frequently inadequate. 

In more specific slit-lamp and funduscopic studies, which included 
adequate baseline examinations, no drug-related abnormal ophthalmologi- 
cal findings have been reported 
DOSAGE AND ADMINISTRATION. The dose of MINIPRESS ‘prazosin 
hydrochloride) should be adjusted according to the patient's individual 
blood pressure response. The fo Owing is a guide to its administration 

Initial Dose: 1 mg three times a day. (See Warnings) 

Maintenance Dose: Dosage may be slowly increased toatotal daily dose 
of 20 mg given in diviced doses. Higher doses usually do not increase 
efficacy, however a few patients may benefit from further increases up to a 
daily dose of 40 mg given in divided doses. After initial titration some 
patients can be maintained adequately on a twice daily dosage regimen 

Use With Other Drugs: When adding a diuretic or other antihypertensive 
agent, the dose of MINIPRESS (prazosin hydrochloride) should bereduced 
to 1 mg or 2 mg three times a day and retitration then carried out 
HOW SUPPLIED. MIN!PRESS (prazosin hydrochloride) is available in 1 mg 
(white #431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, 
and unit dose institutional packages of 100 (10 x 10's); and 5 mg (dlue and 
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The Amerec System. 
We can't promise your patients good health, 


but we can help them along the way. 






The Amerec Tunturi Ergometer is durable exercise cycle-with 


an ergonomically accurate preci- balanced flywheel, disc brakes, 
sion instrument as well as a 


training. Home exercise 
convenience and protection 
utilizing the accuracy of calibrated 
fitness equipment 
and precision elec- 
tronics. 

For complete 
information or the 
name of your nearest 
Amerec dealer, 
call toll-free 


infinitely variable tension 
adjustment, and com- 
bination tachometer/ 
odometer. Physician, 
therapist and patient 
alike all know just 
exactly how much 
exercise is being 
performed. The 


Ergometer together os 1-800/426-0858; or 
with Amerec's dc nde e write Amerec, Box 


ERM-101- a lightweight, easy-to- 3825, Bellevue, Washington 98009. 
read, heart-rate monitor that 

attaches to arm, body, or exercise 

PTT machine - becomes the remarkable = p 

^ I diss | Amerec System for prescribed AMEREL 

| x programs of physical therapy, 

cardiotherapy, and aerobic 
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How to Keep Up with 
Drug Interaction in 
Cancer Chemotherapy 


Three authorities from 


a leading medical center show 
i you how to use the most current 








chemotherapeutic agents 


A SYNOPSIS OF 


Atlast a way to keep up with the bewildering prolifera- 
tion of new chemotherapeutic drugs which have 
come into use relatively recently. This just published 
guide will be valuable to every hospital, and every on- 
cology specialist, general internist, clinical pharma- 
cist, and nurse oncologist. 


A SYNOPSIS OF CANCER CHEMOTHERAPY is a 
concise, readily understandable “how to” manual. 
Developed originally for staff use at The New York 
Hospital-Cornell Medical Center, the concept proved 
so successful it was decided to make it available to 
other professionals. The new users of the SYNOP- 
SIS have the advantage of a proven, time-tested 
learning system. It is written in a unique, compact 
work-book style to keep reading time to a minimum. 


The reader can quickly find the 
following for both commercially 
available and investigational 
drugs: 

® Structure 

* Mechanism of Action 

e Pharmacokinetics 

e Toxicity 

e Therapy 

* Availability 


The chemotherapeutic agents in 

the main listing section cover 

these categories: 

* Alkylating Agents 

* Antimetabolites 

* Mitotic Inhibitors 

* Antibiotics 

* Miscellaneous (includes such 
drugs as Mithramycin, 
Mitotane, etc.) 
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YORKE MEDICAL BOOKS 
666 Fifth Ave., New York, N.Y. 10019 


Name 
Address 


City 


YES! Please send me a copy of ASYNOPSIS OF CAN- 
CER CHEMOTHERAPY at only $16.00. | may use the 
book for 30 days and if not completely satisfied, return it 
for full credit or refunc. 


O Payment enclosed, publisher pays shipping cost. 
O Bill me plus cost of shipping 


New York State residents add applicable sales tax. 








RICHARD T. SILVER, MD, F.A.C.P., F.A.B.C.O. 

Chief, Oncology Service, Div. Hematology-Oncology, 
Clinical Professor of Medicine, Cornell University Medical 
College, Sanog Cyaan, New York Hospital, Exec. 
Officer, Cancer & Leukemia Group B. 


R. DAVID LAUPER, Pharm. D. 
Asst. Director for Education and Information, Pharmacy 
Dept., New York Hospital-Cornell Medical Center. 


CHARLES |. JAROWSKI, MD 

Instructor in Medicine, Cornell University Medical College, 
Senior Chemotherapy Fellow, Div. of Hematology-Oncology. 
The New York Hospital. 


Use it for 30 days—FREE 


Refer to it for chemotherapeutic drug information for a full 
month. Then keep the book only if you want it for permanent 
reference. Otherwise simply return it and owe nothing. You 
have rothipg to lose and a whole world of valuable life-saving 
knowledge to gain. Order right now! 


AJC 3/79 


State Zip 





| 
| 
| 
| 
! 
i 
| 
i 
| 
: 
| 
! 
! 
L 


Aa a rede N any E: -A I 


FOR DEEP INTRAMUSCULAR INJECTION ONLY. 

Indications: In treatment of infections due to penicillin G-sensitive micro- 
organisms susceptible to the low and very prolonged serum levels common 
this dosage form. Therapy should be guided by bacteriological studies 
(including sensitivity tests) and clinical response. 

The following infections usually respond to adequate dosage of IM peni 
cillin G benzathine. 

Streptococcal infections (Group A — without bacteremia). Mild to 
moderate upper respiratory infections (e.g., pharyngitis). 
Venereal infections — Syphilis, yaws, bejel, and pinta. 

Medical conditions in which penicillin G benzathine therapy is indicated 
as prophylaxis: 

Rheumatic fever and/or chorea — Prophylaxis with penicillin G benzathine 
has proven effective in preventing recurrence of these conditions. It has 
also been used as followup prophylactic therapy for rheumatic heart disea: 
and acute glomerulonephritis. 

Contraindications: Previous hypersensitivity reaction to any penicillin. 
Warnings: Serious and occesionally fatal hypersensitivity (anaphylactoid) 
reactions have been reported. Anaphylaxis is more frequent following 
parenteral therapy but has occurred with oral penicillins. These reactions 
are more apt to occur in individuals with history of sensitivity to multiple 
allergens. Severe hypersensitivity reactions with cephalosporins have beer 
well documented in patients with history of penicillin hypersensitivity. Befor 
penicillin therapy, carefully inquire into previous hypersensitivity to penicillin 
cephalosporins and other allergens. If allergic reaction occurs, discontinue 
drug and treat with usual agents, e.g., pressor amines, antihistamines and 
corticosteroids. 

Precautions: Use cautiously in individuals with histories of significant 
allergies and/or asthma. 

Carefully avoid intravenous or intraarterial use, or injection into or near 
major peripheral nerves or blood vessels, since such injection may produc 
neurovascular damage. 

In streptococcal infections, therapy must be sufficient to eliminate the 
organism, otherwise the sequelae of streptococcal disease may occur. Take 
cultures following completion of treatment to determine whether streptococt 
have been eradicated. 

Prolonged use of antibiotics may promote overgrowth of non-susceptibl 
organisms including fungi. Taxe appropriate measuresif superinfection occur 
Adverse Reactions: Hypersensitivity reactions reported are skin eruptions 
(maculopapular to exfoliative dermatitis), urticaria and other serum sickness 
like reactions, laryngeal edema and anaphylaxis. Fever and eosinophilia ma 
frequently be only reaction observed. Hemolytic anemia, leucopenia, 
thrombocytopenia, neuropathy and nephropathy are infrequent and usually 
associated with high parenteral doses. 

As with other antisyphilitics, Jarisch-Herxheimer reaction has been 
reported. 

Composition: (units penicillin G benzathine as active ingredient in aqueous 
suspension): 300,000 units per ml — 10-ml multi-dose vial. Each ml also 
contains sodium citrate buffer, approximately 6 mg lecithin, 3 mg povidone, 
1 mg carboxymethylcellulose, 0.5 mg sorbitan monopalmitate, 0.5 mg 
polyoxyethylene sorbitan monopalmitate, 1.2 mg methylparaben and 

0.14 mg propylparaben. 

600,000 units in 1-ml TUBEX® (sterile cartridge-needle unit) Wyeth, 
packages of 10. 

900,000 units, 1.5-ml fill in 2-ml TUBEX, packages of 10. 

1,200,000 units in 2-ml TUBEX, packages of 10, anc in 2-ml single-dose 
disposable syringe, packages of 10. 

2,400,000 units in 4-ml single-dose disposable syringe, packages of 10. 

Each TUBEX or disposable syringe also contains sodium citrate buffer and 
as w/v, approximately 0.596 lecithin, 0.696 carboxymethylcellulose, 0.696 
povidone, 0.1% methylparaben and 0.0196 propylparaben. 


Copyright € 1978, Wyeth Laboratories Division of American Horr 
Products Corporation, N.Y.. N.Y. All rights reserved 
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PROTECTION 
HELL FORGET * 


TO TAKE. 


For rheumatic fever 
a ? 
prophylaxis he can't foraet: 
Injection penicillin G benzathine is the 
recommended drug ofchoice* to prevent 
streptococcal infection and possible recur- 
rence of rheumatic fever. One injection, once 
a mönth, of 1,200,000 units usually offers 
effective and continuous prophylaxis, 
virtually eliminating the problem of 
patient compliance. 


ion on Rheumatic Fever and Bacterial Endo- 
carditis of the Council on Cardiovascular Diséase in the 


revention," 71-006-B. American 


Heart Association. New York t) 1976 


INJECTION 


BICILLIN LA 


(STERILE PENICILLIN G 
BENZATHINE SUSPENSION) 


Wyeth Laboratories 





ANNO UNC Newer 


PROSRAUDAL TM. 


verme else is bip d MOM 


a 
€ 


| e. e 
d 
à » a 
' f * 
" iA 
a "A 
f Aet 5» 
Boe uat o 
q - de MISC E 
fr KEE 


YOU CAN INTERROGATE AAD PROTA, 


RATE RR SENSITIV 
AMPLITUDE ` REFRACTORY PERIOD | 
PULSE WIDTH HYSTERESIS 
PRINTOUT 
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, -PACER TALKS TO PROGRAMMER ~ 
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PROGRACIALITH 


fessi. V iS'about to take a quantum leap forward. 
Space-age breakthro T combined with Years of research bring you — 
PR@GRAMALITH ™ , and suddenly, everything else is yesterday's 
echnology! * 
When your patients’ needs are best served by fine-tuning of the pacemaker, 
'ROGRAMALITH '" will be the therapy of choice. The unique matrix display of the 
nicroprocessot-based programmer allows you an*unmatched ease of use and provides you with a 
ponstan} display of all program parameters. 


aive us å càll. Your Pacesetter pacemaker specialist will gladly provide you with tle full details of this dramatic 


echnological advance. '. . , 


dc 
T * € 
Pacesetter Systems, lnc. 


Where Reliability is a Way of Life 
Call today toll free (800) 423-5611 (in California call collect (213) 367-1911) 
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Today and 
Tomorrow 
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well tolerated -only 9% of 484 patien 
in 16 clinical trials, definitely or probably dropped c 
due to side effects.' 








side effect 
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PERCENT OF PATIENTS 


‘ffective control in (mild to moderate) hypertension 
isually with just 2 or 3 tablets daily. 

Low incidence of depression, and orthostatic 
ypotension. * 

The most common side effects are dry mouth, 
jrowsiness, and sedation, which generally tend to dim- 
nish with time. As with other antihypertensives contain- 
ng diuretic agents, hypokalemia, hyperuricemia, and 
lyperglycemia may occur. Drowsiness and sedation 
nay be alleviated by giving the larger portion of the 
jivided dose at bedtime.?:3 
Convenient morning and bedtime dosage 
scheduling. 
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Combipres 


Each tablet contains: Catapres* (clonidine HC!) 
2 mg. and chiorthalidone. 15 mg 


HYPERTENSION 


Combipres is not indicated for initial therapy. It is for patients i:e- 
sponsive to its components given separately in equivalent dosages. 
Please see brief summary of the prescribing information on the last 
page of this ad for warnings, precautions, and adverse reactions. 
*Orthostatic hypotension has been reported with chlorthalidone and 


may be potentiated when chlorthalidone is combined with alcohol, 
barbiturates, or narcotics. 
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Combipres . -- 2 


Each tablet contains. Catapres" (clonidine HC I) 
0.1 or 0.2 mg. and chlorthalidone. 15 mg 


Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination rep- 


resents the dosage so determined, its use 
may be more convenient in patient manage- 
ment. The treatment of hypertension is not 
static, but must be reevaluated as conditions 
in each patient warrant. 


“By Indication: The drug is indicated in the treatment 
_ of hypertension (see box warning). 

_ Contraindications: Patients with known hyper- 

. sensitivity to chlorthalidone and patients with se- 


vere renal or hepatic diseases. 

Warnings: Tolerance may develop in some in- 
stances necessitating a reevaluation of therapy. 
Usage in Pregnancy: In view of embryotoxicity 
findings in animals, and since information on pos- 
sible adverse effects in pregnant women is limited 
to uncontrolled clinical data, the drug is not rec- 
ommended in women who are or may become 
pregnant unless the potential benefit outweighs 
the potential risk to mother and fetus. 

Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children. 
Precautions: When discontinuing Combipres, re- 
duce the dose gradually over 2 to 4 days to avoid 
a possible rapid rise in blood pressure and as- 
sociated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without con- 
sulting their physician. Rare instances of hyper- 
tensive encephalopathy and death have been re- 
corded after cessation of clonidine hydrochloride 
therapy. A causal relationship has not been estab- 
lished in these cases. It has been demonstrated 
that an excessive rise in blood pressure, should it 
occur, can be reversed by resumption of Com- 
bipres therapy or by intravenous phentolamine. 
Patients who engage in potentially hazardous ac- 
tivities, Such as operating machinery or driving, 
should be advised of the sedative effect of the 
clonidine hydrochloride component.This drug may 
enhance the CNS-depressive effects of alcohol, 
barbiturates and other sedatives. Like any other 
antihypertensive agent, Combipres should be 


. used with caution in patients with severe coronary 


insufficiency, recent myocardial infarction, cere- 
brovascular disease or chronic renal failure 

As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for some 
dryness of the eyes, no drug-related abnormal 
ophthalmological findings have been recorded 
with Catapres, in several studies the drug pro- 
duced a dose-dependent increase in the incidence 
and severity of spontaneously occurring retinal 
degeneration in albino rats treated for 6 months or 
longer. 

Patients nredisnosed toward or affected hv dia- 
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Combipres, because of the hyperglycemic effect 
of chlorthalidone. 

Because of the possibility of progression of renal 
failure, periodic determination of the BUN is indi- 
cated. If, in the physician s opinion, a rising BUN 
is significant, the drug should be stopped. 

The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. Mus- 
cular weakness, muscle cramps, anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to detec- 
tion of hypokalemia in patients receiving adrenal 
corticosteroids, ACTH or digitalis. Hypochloremic 
alkalosis often precedes other evidence of severe 
potassium deficiency. Frequently, therefore, more 
sensitive indicators than the potassium serum 
level are the serum bicarbonate and chloride con- 
centrations. Also indicative of potassium depletion 
can be electrocardiographic alterations such as 
changes in conduction time, reduction in 
amplitude of the T wave; ST segment depression, 
prominent U wave. These abnormalities may ap- 
pear with potassium depletion before the serum 
level of potassium decreases. To lessen the pos- 
sibility of potassium deficiency. the diet, in addition 
to meat and vegetables, should include 
potassium-rich foods such as citrus fruits and 
bananas. If significant potassium depletion should 
occur during therapy. oral potassium supplements 
in the form of potassium chloride (3 to 4.5 gm 
day). fruit juice and bananas should be given. 


Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to di- 
minish with continued therapy. 

Clonidine hydrochloride: Anorexia, malaise, 
nausea, vomiting, parotid pain, mild transient ab- 
normalities in liver function tests; one case of 
possible drug-induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine hy- 
drochloride. Weight gain, transient elevation of 
blood glucose, or serum creatine phosphokinase: 
congestive heart failure, Raynaud's phenomenon: 
vivid dreams or nightmares, insomnia, other be- 
havioral changes, nervousness, restlessness, anx- 
iety and mental depression. Also rash, angio- 
neurotic edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash; impo- 
tence, urinary retention; increased sensitivity to 
alcohol, dryness, itching or burning of the eyes, 
dryness of the nasal mucosa, pallor, gynecomas- 
tia, weakly positive Coombs test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 
Chlorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia. constipation and cramping. 
weakness, dizziness, transient myopia and rest- 
lessness are occasionally observed. Headache 
and impotence or dysuria may occur rarely. Or- 
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with alcohol, barbiturates or narcotics. Skin 
rashes, urticaria and purpura have been repo 
in a few instances. 

A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop in 
sistently. This condition, usually reversible on 
continuation of therapy, responds to control w 
antidiabetic treatment. Diabetics and those pr 
disposed should be checked regularly. 

As with other diuretic agents hypokalemia ma 
occur (see Precautions). Hyperuricemia may 
observed on occasion and acute attacks of g¢ 
have been precipitated. In cases where prolo! 
and significant elevation of blood uric acid co! 
centration is considered potentially deleteriou 
concomitant use of a uricosuric agent is effec 
in reversing hyperuricemia without loss of diu 
and'or antihypertensive activity. 

Idiosyncratic drug reactions such as aplastic 
anemia, thrombocytopenia, leukopenia, agrar 
cytosis, and necrotizing angiitis have occurret 
but are rare. 

The remote possibility of pancreatitis should t 
considered when epigastric pain o: unexplain 
gastrointestinal symptoms develop after prolo 
administration 

Other adverse reactions which have been re- 
ported with this general class of compounds ii 
clude: jaundice, xanthopsia, paresthesia and 
photosensitization. 

Overdosage: Catapres (clonidine hydrochior 
Profound hypotension, weakness, somnolenc 
diminished or absent reflexes and vomiting fo 
lowed the accidental ingestion of Catapres by 
several children from 19 months to 5 years of 
age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete rex 
ery within 24 hours. Tolazoline in imtravenous 
doses of 10 mg at 30-minute intervals abolish 
all effects of Catapres overdosage 
Chlorthalidone: Symptoms of overdosage incl 
nausea, weakness, dizziness, and disturbanc 
electrolyte balance. There is no specific antid: 
but gastric lavage is recommended, followed 
supportive treatment. Where necessary, this r 
include intravenous dextrose and saline with 
potassium administered with caution. 

How Supplied: Combipres* 0.1 (Each tablet 
tains clonidine hydrochloride 0.1 mg + chlor- 
thalidone 15 mg). It is available as pink, oval, 
single-scored compressed tablets in bottles o: 
100. 

Combipres” 0.2 (Each tablet contains clonidir 
hycrochloride 0.2 mg + chlorthalidone 15 mg 
is available as blue. oval, single-scored com- 
pressed tablets in bottles of 100. 

For complete details, please see full prescribi 
information 
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follow-up studies. Edited by H. William Strauss, M.D., et al. 1977. 
208 pp., 665 illus. Price, $44.50. 


A New Book. NONINVASIVE DIAGNOSTIC TECHNIQUES IN 
VASCULAR DISEASE. Turn to this comprehensive book for the 
latest information on methodology, instrumentation and availa- 
ble data for noninvasive vascular diagnostic studies. Well-known 
contributors examine the most frequently-used techniques for 
vascular assessment — e.g., the periorbital Doppler test, and 
real-time high-resolution carotid arteriography. Varying 
approaches have been included — with clearly opposing points 
of view also expressed. Following each section, the editors sum- 
marize these debates and add suggestions regarding potential 
resolution. Edited by Eugene F. Bernstein, M.D., Ph.D.; with 5 
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illus. Price, $42.50. 
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basic principles of ultrasound as they apply to echocardiography. 
The bulk of the book — organized according to the structure 
under investigation — then focuses on specific clinical applica- 
tions. Each chapter details relevant anatomy, structures in the 
beam, normal tracing, technical considerations, echofindings in 
disease and functional observations. By Navin C. Nanda, M.D. 
and Raymond Gramiak, M.D. July, 1978. 468 pp., 666 illus. Price, 
$39.50. 
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A New Book. A COLOR ATLAS OF SECTIONAL ANATOMY: 
Chest, Abdomen and Pelvis. This impressive atlas promises to 
become one of the most valuable clinical tools in your field. 
Designed as a reference for normals, it features a complete set of 
sections (sagittal, transverse, and coronal) 1 cm. thick — all in full 
color plates — of the neck, chest, abdomen and pelvis. It also 
offers oblique views of the heart. To aid you in interpretation, 
each plate is accompanied by a labelled line diagram. Through- 
out, the photography is far superior to that in any other atlas cur- 
rently available on this subject. In addition, 60 unmounted slides 
(ten 35 mm strips, each with six plates) are included at the back 
of the book. By E. A. Lyons, M.D., F.R.C.P. (C). November, 1978. 
328 pp., 283 illus. including 138 in full color, plus 60 unmounted 
35 mm transparencies. Price, $137.50. 


New 2nd Edition. MYOCARDIAL INFARCTION: Electrocardio- 
graphic Differential Diagnosis. Enhance your skills in the electro- 
cardiographic diagnosis of myocardial infarction with this 
practical book! Lucid discussions — augmented with more than 
300 illustrations — cover all of the major conditions that produce 
infarction-like patterns. For each condition, the author offers 
practical advice for differentiation between actual and pseudoin- 
farct patterns. Timely new chapters explore ischemic causes, 
normal variants and non-ischemic causes, and false-positive 
exercise tests. By Ary Louis Goldberger, M.D, May, 1979. Approx. 
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The echocardiographic features are presented of degeneration of nine 
glutaraldehyde-fixed porcine xenograft valves implanted in eight patients. 
These features occurred 11 to 68 months after implantation and were 
correlated with surgical and necropsy findings. Acute bacterial endo- 
Carditis was present in two patients, and had been successfully treated 
medically in three other patients 47 to 52 months before valve degener- 
ation was recognized. The valve was severely thickened in four patients 
and in two of the four the thickening was associated with a significant 
hemodynamic transvalve gradient. M mode echocardiography demon- 
strated increased thickness and loss of the cusp detail. In five patients 
severe regurgitation due to a tear in one or more cusps developed in the 
the valve in the mitral position. M mode echocardiography in all five pa- 
tients revealed on the valve systolic or diastolic fluttering echoes, or both. 
The two dimensional echocardiogram demonstrated thickened cusps with 
systolic protrusion of the leaflets into the left atrium. Both modes of 
echocardiography were of value in identifying degeneration of the porcine 
xenograft valve. 


The glutaraldehyde-fixed porcine xenograft is a relatively new tissue 
valve that has shown good hemodynamic characteristics, a low rate of 
thromboembolic complications and good durability in 6 years of post- 
operative followup.!-? The demonstration of focal degeneration of por- 
cine cusps examined 2 to 75 months after implantation, associated in 
some patients, with gross leaflet disruption, suggests that valve dys- 
function may be a progressive and late process.” Although porcine valve 
stenosis or regurgitation due to valve degeneration is uncommon, early 
recognition of the disorder is important because rapid deterioration may 
occur, necessitating emergency reoperation. 

The M mode and two dimensional echocardiographic features of the 
functionally normal glutaraldehyde-fixed porcine xenograft have been 
described,!°:!! as have the M mode echocardiographic features of 
thrombotic occlusion!?-!4 valve and paravalve regurgitation!? and in- 
fective endocarditis!4 in this valve. Two dimensional echocardiography 
has also been of value in identifying porcine valve thickening, thrombotic 
and vegetative valve masses and ring and leaflet dehiscence.!^ In this 
paper we describe the M mode echocardiographic features in eight pa- 
tients and the two dimensional echocardiographic features in five pa- 
tients with aortic or mitral porcine xenograft valve dysfunction. 


Material and Methods 


Clinical cases: The clinical features of eight patients with nine glutaral- 
dehyde-fixed porcine valves are summarized in Table I. The average duration 
of valve implantation was 48 months (range 11 to 68). In addition, 24 patients 
whose porcine valve had been implanted for 12 to 64 months were also studied 
echocardiographically. These latter patients were all asymptomatic and judged 
clinically to have normally functioning valves. 
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ECHOCARDIOGRAM IN PORCINE VALVE DYSFUNCTION—ALAM ET Al 


Clinical and Hemodynamic Features of Eight Patients With Porcine Valve Dysfunction 





Hemodynamic Assessment 


Duration of Mean Valve | 
Case Age (yr) Valve Endo- Implant Angiog- Gradient Valve Area 
no. & Sex Position carditis (mo) Murmur raphy (mm Hg) (cm?) 
1 57 M Aortic t (active) 11 Al NP NP NP 
2 37 F Aortic + (active) 42 Al 4+ Al 0 3 
3 69 F Mitral, + (healed) 34 AS, Al, No MI or AoV = 60 AoV = 0.4 
aortic MS or Al MV = 25 MV = 0.5 
4 27M Mitral 0 68 MI 4 +MI NC NC 
5 16M Mitral 0 60 MI NP NP NP 
6 30 F Mitral 0 65 MI, Al ie NC NC 
Al 
7 50 F Mitral + (healed) 52 MI, Al 4+ MI NC NC 
8 24M Mitral + (healed) 54 MI, MS oo. 22 0.7 
1+ AI 





Al = aortic insufficiency; AoV = aortic valve; MI = mitral insufficienc 


of severe regurgitation; NP = not performed. 


TABLE Il 


y; MS = mitral stenosis; MV = mitral valve; NC = not calculated because 


Correlation of Echocardiographic and Gross Findings in Porcine Valve Dysfunction 
Fa a ne Ss Se ee s 0 | 
Porcine Mitral Valve Stent Motion 


M Mode and 2 D Echo 
Features of Porcine Valve 
Case Systolic 
no. Thickening Fluttering Prolapse (mm) 


NA 
T NA 
- 6 


Maximal 


++ 
| 
l 


5 
12 
8 
5 
10 


ceo -40» 01.» Co n2 — 
+1+++ + 
+++++ 
I++++ 


Systolic Anterior 
Stent Excursion 


Initial Diastolic 


Slope Gross Valve 
(mm/sec) Tissue Findings 
NA Thickening and vegetations 
NA Thickening and vegetations 
5 Thickening, calcific nodules with rigidity and 
stenosis of both mitral and aortic leaflets 
25 Torn, flail and thickened 
22 Torn, flail, thickened leaflets with calcific nodules 
22 Torn, flail, thickened leaflets with calcific nodules 
11 Torn and flail 
18-22 Torn, thickened, stenotic leaflets with calcific 


nodules 


AE A — "MDC E E a EE | 
* Characteristics of mitral valve prosthesis recorded only, aortic valve prosthesis not visualized. 
Echo = echocardiographic; NA = not applicable; 2 D = two dimensional; + = present; — = absent. 


Of the nine dysfunctioning valves, three became stenotic 
and seven manifested regurgitation (Table I). One patient 
(Case 8) had both stenosis and regurgitation of the porcine 
mitral valve. Patient 3 had both mitral and aortic xenografts, 
and stenosis developed in both valves. Two of seven patients 
with valve insufficiency (Cases 1 and 2) had active bacterial 
endocarditis, and three others (Cases 3, 7, and 8) had a past 
history of bacterial endocarditis treated with antibiotics alone 
with subsequent negative blood cultures. The valves from each 
of these patients were examined after surgical replacement 
(seven patients) or autopsy (one patient). Echocardiographic 
features of porcine valve dysfunction were related to the gross 
anatomic abnormality in all the valves (Table II). 

Echocardiography: All patients were studied with M 
mode echocardiography using either a Picker Echocardio- 
graph Echoview 10 or a Smith-Kline Instruments Ekoline 
20A. A 2.25 megahertz transducer was used, and tracings were 
recorded on a Honeywell Visicorder, model 1856 or Ekoline 
21 recorder at a paper speed of 50 to 100 mm/sec. The trans- 
ducer was placed in the third to fifth intercostal space with 
the patient’s right shoulder elevated from 20° to 45° (left 
lateral position). High coarse gain, low reject and high 
damping settings as previously described!? were used. 

Two dimensional echocardiograms were obtained in five 
patients (Cases 4 through 8) using a mechanical sector scanner 


(Smith-Kline Instruments, Ekosector 1). The probe contained 
a 2.25 megahertz transducer mechanically driven through a 
30° sector at a rate of 30 frames/sec. The images produced 
were recorded on video tape using a Sanyo VTC-7100 cassette 
recorder and were available for analysis in a real time, slow 
motion or single frame format. Individual frames were con- 
verted into a hard copy using a Polaroid® photographic sys- 
tem. The M mode and two dimensional echocardiographic 
features of a normal porcine valve in the mitral and the aortic 
position are shown in Figures 1 and 2, respectively. 

In 24 patients without clinical evidence of valve dysfunction 
the echocardiographic maximal anterior systolic excursion and 
the initial diastolic slope of the porcine valve stents were de- 
termined using the method described by Bloch et al.!2 and 
Horowitz et al.!? The initial diastolic stent slope in these 24 
patients measured 8 to 33 mm/sec, and the maximal anterior 
stent systolic excursion measured 5 to 15 mm. The anterior 
cusp echoes of the porcine valve were clearly demonstrated 
in 20 of the 24 patients. 


Results 


Eight of the nine valves were adequately demon- 
strated with M mode echocardiography. One aortic 
valve (Case 3) could not be visualized. All five valves 
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ECHOCARDIOGRAM IN PORCINE VALVE DYSFUNCTION—ALAM ET AL. — 


FIGURE 1. Normal porcine valves in mitral position. Upper 
panel, M mode echocardiogram. Dense echoes (St) are from 
the stents. Valve cusps (C) close in systole and open in dias- 
tole. Lower panel, two dimensional echocardiogram in systole 
(A) and diastole (B). Only cusp (C) closure (small arrow) 
is visualized in A. EKG = electrocardiogram; LV = left ven- 
tricle; RV = right ventricle; S = ventricular septum. 
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FIGURE 2. Normal porcine valves in aortic position. Upper 
panel, M mode echocardiogram. Arrowhead points to the valve 
cusps. Lower panel, two dimensional echocardiogram in 
systole. (A) and diastole (B). Valve cusp (C) is visualized only 
in diastole. LA = left atrium; MV = mitral valve; other abbre- 
viations as in Figure 1. 
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FIGURE 3. Patient 1. Upper panel, M mode echocardiogram of 
aortic xenograft valve. There is a marked increase in systolic 
and diastolic cusp echoes (arrowhead) with loss of cusp detail. 
Lower panel, gross appearance of the porcine aortic valve. 
Multiple vegetations and thickened valve cusps are seen. Ab- 
breviations as in Figures 1 and 2. 


FIGURE 4. Patient 3 with stenosis of porcine mitral valve. Upper 
panel, M mode echocardiogram. A thin diastolic echo (arrow) 
of the opening of the valve cusp (C) is visualized. This echo is 
in fibrous continuity with thickened diastolic cusp echoes (ar- 
rowhead). The diastolic slope of the stents (St) is also reduced. 
Lower panel, gross appearance of porcine aortic valve (AV) and 
the porcine mitral valve (MV). Note the thickening and calcific 
nodules on both valve cusps. CW = chest wall; other abbrevi- 
ations as in Figure 1. 
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E studied with two dimensional echocardiography were 
- adequately visualized. The clinical features of these 
É patients are listed in Table I and the echocardiographic 
. and gross anatomic findings in Table II. 

E. 





.M Mode Echocardiographic Features 


| Generalized thickening with loss of normal cusp 
. detail: This finding was observed in two patients with 
- aortic valves (Cases 1 and 2) who also had demonstrable 
. vegetations of endocarditis. The thickening was seen in 
» "systole and diastole, and these findings were confirmed 
vat operation (Fig. 3). Generalized thickening of the 
_ cusps was also noted in Patients 3 and 8, who had ste- 
. nosis of the valve in the mitral position that was con- 
lined at operation (Fig. 4). The aortic valve in Patient 
3 showed similar changes at operation but the valve 
cusps could not be demonstrated with M mode echo- 
¢ cardiography. 

Localized fuzzy, fluttering echoes on the valve 
- cusp: These echoes occurred in all five patients with 
. porcine mitral insufficiency. In the two patients with 
- associated aortic regurgitation of the native aortic valve 
- (Cases 6 and 8) these localized fuzzy echoes were ob- 
served in both systole and diastole (Fig. 5); in one pa- 
tient (Case 7), they were noted only in systole (Fig. 6). 
. 'The gross appearance of one of these valves is also 
shown in Figure 6. A tear in one or more cusps was ob- 
served in all five valves at operation. Three valves had 
calcific deposits on the cusps. In one (Case 8), cusp 
calcification caused significant stenosis. Systolic flut- 
- tering was never seen in the 20 patients with clinically 
normal porcine valves and adequately demonstrated 

. porcine cusps on M mode echocardiography. 
Abnormal stent motion of the porcine valve in the 
mitral position: The initial diastolic slope of the por- 
cine stent was reduced to 5 mm/sec in one patient with 














FIGURE 5. Patient 6 with severe porcine mitra! insuffi- 
ciency. M mode echocardiogram. Note the systolic and 
diastolic fuzzy fluttering echoes (arrowhead). Abbrevi- 
ations as in Figure 1. 


mitral stenosis (Case 3, Fig. 4). The diastolic stent slope 
was normal in one other patient whose valve was se- 
verely stenotic and insufficient (Case 8). In all of the 
remaining patients with porcine valve insufficiency the 
stent slope was normal. The maximal systolic excursion 
of the anterior stent was within our normal limits in all 
patients with mitral insufficiency. 


Two Dimensional Echocardiographic Features 


Multiple dense echoes on the valve cusp: The re- 
placement of the normal fine cusp echoes with dense 
echoes was observed in four of five patients with mitral 
valve insufficiency (Fig. 7). These echoes were shown 
at operation to be due to thickening of, or calcific nod- 
ules on, the cusps. 

Flail porcine cusps: Systolic echoes of the cusps 
were noted in the left atrium in four of five patients with 
mitral insufficiency (Fig. 7). Tears in the cusps were 
demonstrated at operation in all five patients. 

Tissue and hemodynamic correlations: Macro- 
scopic examination of the valves removed in our eight 
patients demonstrated two types of degenerative 
changes: (1) thickening with or without nodules with 
resultant stenosis or regurgitation, or both, and (2) 
rupture of a cusp with resultant valve insufficiency. 


Discussion 


Echocardiographic features of porcine valve 
degeneration: There have been few descriptions of the 
echocardiographic features of porcine valve degenera- 
tion. The M mode features of paravalve abnormalities,!? 
thrombus formation?! 4 and vegetative endocarditis!* 
occurring on the porcine valve have been described. 
With mitral valve insufficiency due to valve ring dis- 
ruption or to paravalve leaks, alterations of stent posi- 
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FIGURE 6. Patient 7 with severe porcine mitral 
insufficiency. Upper panel, M mode echocardio- 
gram. Note the systolic fluttering (arrowhead) of 
the cusps. Lower panel, gross appearance of the 
porcine mitral valve. Note the tear in one of the 
cusps. Abbreviations as in Figure 1. 





FIGURE 7. Patient 5 with severe porcine 
mitral insufficiency. Upper panel, two- 
dimensional echocardiogram in systole (A) 
and diastole (B). Note the thickened dense 
cusp echoes (C) and the presence of these 
echoes in the left atrium (LA) during sys- 
tole. Lower panel, gross appearance of the 
porcine mitral valve. Note marked thick- 
ening and calcific nodules, which corre- 
spond to the dense cusp echoes in upper 
panel. The cusps are also torn. Abbrevia- 
tions as in Figures 1 and 2. 
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The Mn ipie echocardiographic features of porcine 
- valve stenosis that we observed consisted of increased 
cus} fl hoes and loss of the normal cusp detail. The 
preser nce of ret luced initial diastolic slope of the porcine 
E +h has been reported with stenosis of other 
FE ssue valuit 167 was not a particularly helpful di- 
enostic feature in our patients. The diastolic stent 
slope may reflect left ventricular diastolic filling which, 
like the E-F slope of the normal mitral valve, may be 
ir nfl uenced by conditions other than valve stenosis, such 
as p oor left ventricular compliance, and is therefore not 
| specific. In general, thickening of the porcine cusp 
dn D die mitral position with loss of cusp detail is more 
pecific than reduced diastolic slope of the stent. 
" The major M mode features of prosthetic regurgi- 
T tation in the mitral position were localized fuzzy cusp 
| echoe l s with fluttering of the cusp in systole or diastole 
or both. . This was found to be diagnostic of a torn and 
flail porcine cusp. This feature has not been reported 





reviously ; with normally functioning xenografts or in 
ou afi ae ient group with normally functioning xen- 
og tafts. s. . With native aortic valve regurgitation, diastolic 
flutt tel g may occur in a normal porcine mitral valve.!? 
Ho wever, both in patients with flail mitral porcine 
en ‘lets and in those with associated native aortic 
reg ar g ritation, the fluttering of the mitral prosthetic 
eaflet was seen both in diastole and in systole. Systolic 
utter is probably due to the high velocity regurgitant 
j jet Pode across the torn and flail valve cusps similar 
to that previously described in flail nonprosthetic tri- 
C uspid and mitral valves.'* The two dimensional echo- 
ardiogram was characterized in four of our five patients 
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raphy in normal xenograft prosthetic valves.!! — 

Two dimensional echocardiography complemen: te " 
the M mode findings, and both techniques were helpfu ul 
in identifing valve dysfunction. The two dimensional 
study was particularly useful in detecting masses and 
thickening associated with flail and torn cusps. How- 
ever, it is possible for leaflets to rupture without much 
tissue reaction and valve thickening. In this situation, 
the fluttering of the cusp in the M mode study may be 
the only abnormal echocardiographic finding. 

Etiology of porcine valve degeneration: The eti- 
ology is not entirely clear. Disruption of the glutaral- 
dehyde-fixed porcine valve has been documented as a 
late, but rare, cause of porcine cusp rupture and insuf- 
ficiency.!-!9 Spray and Roberts? reported degenerative 
tears in the cusps of mitral and tricuspid porcine valves 
causing severe regurgitation in three patients 2 to 75 
months after insertion. Similar disruption of the col- 
lagenous cusps has been reported in stented formalin- 
fixed porcine bioprostheses 4 years after implantation.” 
Electron microscopic studies suggest that progressive 
disruption of collagen and erosion of glutaraldehyde- 
fixed porcine valve cusps start 2 months after valve 

implantation and are proportional to the time interval 
after implantation.?' All patients in our series with valve 
stenosis had either a recent or past episode of bacterial 
endocarditis that may have contributed to the fibrotic 
valve degeneration. Disruption of the valve in the mitral 
position was also associated with previous endocarditis 
in two of five patients. It appears, therefore, that two 
types of degeneration of the stent-mounted porcine 
xenograft can occur: (1) fibrosis and stenosis in both the 
aortic and mitral positions, and (2) degenerative valve 
rupture in the mitral position. 
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With Bioprosthetic Valves 


The clinical utility of two dimensional echocardiography in assessing 
bioprosthetic and left ventricular function was studied in 40 consecutive 
patients 1 week to 60 months after valve replacement surgery. These 
patients were referred to obtain normal baseline studies as well as to 
evaluate complications: suspected endocarditis, embolic phenomena and 
congestive heart failure of unknown cause. Independent M mode echo- 
cardiograms were also obtained in each patient. Confirmation of ultrasonic 
studies was by cardiac catheterization with angiography, surgery and 
pathologic study in 10 patients; cardiac catheterization with angiography 
alone in 7 patients; surgery and pathologic study in 3 patients; autopsy 
in 3 patients; blood cultures to confirm or exclude endocarditis in 10 pa- 
tients; and confirmation on clinical grounds in 7 patients. Technically 
adequate two dimensional studies were recorded in 39 of 40 subjects. 
Two dimensional echocardiography accurately assessed 15 of 16 patients 
with an abnormal bioprosthetic valve and a normal left ventricle (1 of 16 
patients had a false positive two dimensional echocardiogram); 8 of 8 
patients suspected to have prosthetic valve or left ventricular dysfunction 
but who were normal; 7 of 7 patients with a normal prosthesis and an 
abnormal left ventricle; the one patient with an abnormal valve and left 
ventricle; and 7 of 7 clinically normal patients who were referred for 
baseline studies. 

In summary, the two-dimensional echocardiogram demonstrated a 97 
percent diagnostic accuracy rate which was significantly greater than 
the 67 percent (P < 0.001) for M mode echocardiography in the same 
group of patients. It is concluded that two dimensional echocardiography 
has excellent diagnostic accuracy in assessing bioprosthetic and left 
ventricular function and is superior to M mode echocardiography in 
evaluating patients after such valve replacement. 


Since 1971, considerable experience has been accumulated at several 
institutions in the use of the Hancock glutaraldehyde-fixed porcine 
bioprosthetic valve.!-9 This experience has been favorable and has jus- 
tified continued use of this valve. However, clinical deterioration of 
patients after valve replacement with the porcine valve prosthesis has 
occasionally occurred and has most commonly been due to either 
bioprosthetic or left ventricular dysfunction. At times, it may be difficult 
to recognize or differentiate left ventricular dysfunction and valve 
malfunction clinically, and therefore it has become necessary that reli- 
able noninvasive techniques be developed to evaluate the porcine 
bioprosthesis.7- 19 

Two dimensional ultrasonic sector scanning has made it possible to 
obtain noninvasively high quality images of the porcine bioprosthesis 
and left ventricle in patients after valve surgery. 'The purpose of this 
study was to evaluate the utility of two dimensional echocardiography 
in patients with porcine bioprosthetic valves, and to compare two di- 
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Methods 
Study Group 


All patients with porcine bioprosthetic valves who were 
referred to the Stanford University Hospital Non-Invasive 
Laboratory from March 1976 through September 1977 were 
included in this study. 'T here were 40 patients, 21 female and 
19 male, in this group. The 40 patients ranged in age from 10 
to 72 years (mean 53 years). The study group was unselected 
in that it represents a consecutive series of patients. 
'Twenty-five patients had a porcine valve in the mitral posi- 
tion, 12 had an aortic valve replacement, 2 a tricuspid valve 
replacement, and one patient a triple valve replacement 
(aortic, mitral and tricuspid). 'The group was studied 1 week 
to 65 months (mean 35 months) after valve replacement sur- 
gery. The clinical diagnoses for the 40 patients at the time of 
referral for echocardiographic studies were: 19 patients with 
suspected infectious endocarditis, 8 patients with congestive 

— heart failure of unknown cause, 6 patients with a history of a 
cerebrovascular accident, and 7 patients with normal clinical 
findings who were referred for baseline studies. 


Echocardiographic Methods 


A Varian model V3000 phased array 80° ultrasonic sector 
scanner was used to perform the two dimensional echocar- 
diographic studies. This instrument has previously been de- 
scribed by Anderson et al.!! The two dimensional echocar- 
diographic studies were recorded, reviewed and analyzed on 
a 1 inch (2.54 cm) reel to reel video tape system. 

All M mode echocardiographic studies were performed 
with a Smith Kline Ekoline 20A Ultrasonoscope and a 0.5 inch 
(1.27 cm) diameter, 2.25 or 3.5 megahertz transducer with a 
5 cm beam collimation. Recordings were made with an Irex 
101, Ekoline 21 or Honeywell 1856 strip chart recorder. The 
method of recording the M mode echocardiogram of the 
prosthetic valve has been described by Horowitz et al.? 

The two dimensional echocardiographic studies were 
performed in a method similar to that previously described 
by Kisslo et al.!? The sector scan image plane was initially 
oriented parallel to the long axis of the left ventricle from the 
standard transducer position!? along the left lower sternal 
border. The sector plane was then swept inferomedially and 
superolaterally in order to visualize optimally the long axis 
of the bioprosthetic valve (perpendicular to the plane of the 
sewing ring). In this view, two of the three stents of the 
bioprosthesis could be visualized together with the delicate 
intrastent echo of the porcine leaflets. The transducer was 
then rotated 90? clockwise to obtain a short axis view of the 
left ventricle. The short axis sweep was then performed by 
keeping the transducer in the same location on the chest wall 
and slowly angling the image plane from the aorta (cephalad) 
to the apex (caudad). In this short axis view, the image plane 
is approximately parallel to the plane of the sewing ring, so 
that all three stents of the valve in the aortic and mitral po- 
sitions could be visualized along with the intrastent echoes of 
the porcine leaflets. 

The two dimensional echocardiographic illustrations used 
in this paper are made from stop action, single frame video 
images using a Polaroid? camera system. Because only one 
field of a two field video frame is displayed in each photo- 
graph, there is significant degradation of the stop frame image 
quality compared with the dynamic display. 
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more > echo djacent soft cardiac tissue 
and the ports à le ‘leaflets because they . ari | made of stellite- 
polypropylene. Therefore, gain settings during. the two di- 
mensional echocardiographic studies were, at times, optimi mized | 
for either the bioprosthesis or the adjacent cardiac soft ti 
and not for both structures simultaneously. Efforts w wer 
made, by using many different gain settings, to assure th 
echoes from cardiac tissue and prosthetic valves were opt i 
mized without being exaggerated or obliterated . This method 
of analysis produced an excellent composite two d ime ensioné né 
echocardiographic study when reviewed dynamically. He 
ever, for single stop frame Polaroid photography, this o occa 
sionally resulted in faint cardiac soft tissue gia or overly ly 
intense bioprosthetic valve echoes. | x rp aif d 








Confirmatory Studies a «da i 


The results of the two-dimensional and M mode echo cé ir = 
diographic studies in the 40 patients (Table I) were confirmed 
as follows: Ten patients had cardiac catheterization with ar 1 


tissue; 7 patients had cardiac catheterization and angiography 
alone; 3 patients had surgery plus pathologic examinat i ion of ; 
valve tissue; 3 patients had postmortem examinatic ns; : 10 
patients had blood cultures to confirm or exclude infe s 
endocarditis; and, in seven patients confirmation di 9i 
clinical grounds only (all seven patients were entirely well an d 
were referred for baseline echocardiographic studies). 


Data Analysis s 


All M mode and two dimensional echocardiographic added 
were performed in separate laboratories and analyzed inde- 
pendently. The two dimensional echocardiograms were in- 
terpreted retrospectively in a double-blind fashion and 
without knowledge of any of the confirmatory studies. The M 
mode echocardiograms were interpreted by physicians of the 
clinical M mode echocardiographic service, who were unaware 
of the findings of the two dimensional studies and who had 
available to them the clinical diagnoses but not the confir- 
matory data on the study patients. 

The two dimensional echocardiographic studies were an- 
alyzed for prosthetic valve and left ventricular function. The 
specific variables analyzed in the two dimensional echocar- 
diographic studies were as follows: (1) contour of the sewing 
ring and prosthetic stents and occurrence of adjacent extra- 
neous echoes (the normal contour should be smooth and 
without irregularities); (2) motion of the sewing ring 
throughout the cardiac cycle, and determination of whether 
it was rhythmic and in consonance with adjacent cardiac tis- 
sue, or erratic and having excessive motion (normal motion 
was taken as the motion that would be due to surrounding 
cardiac tissue to which the prosthetic sewing ring was at- 
tached); (3) thickness (prosthetic leaflets exceeding 3 mm were 
considered abnormally thickened) and integrity of the porcine 
leaflets (the leaflets were also observed for signs of erratic 
motion and dehiscence); (4) left ventricular function with 
particular attention to normal or abnormal contractility and 
presence or absence of a left ventricular aneurysm. In this 
study, an aneurysm was defined as an abnormality in the 
normal systolic and diastolic contour of the left ventricular 
wall. The two dimensional echocardiograms were judged as 
correct only when they correctly diagnosed the specific ab 
normality found by the confirmatory studies. | 

The specific variables examined in the M mode echocar- 
diograms were: (1) left ventricular function as previo | 
described by Popp!*; (2) bioprosthetic function as previou 









Data on 40 Patients 
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thetic M Mode 2D 
Valve Months Clin Echocardiography Echocardiogram 
Site Postop* Diag BPV LV BPV LV Confirmatory Data 
n 0.25 IE TI TI NI NI 8 neg BC (sternal wound found) 
Ao 1 NI TI * NI NI Clinically NI (baseline) 
M 5 CHF + + NI LVD Cath: LVD, NI BPV 
Ao 0.5 CHF TI + NI LVD Cath: LVD, NI BPV 
Ao 3 IE — + Mass NI Cath: NI LV; PM: BPV veg. 
Ao 4 CVA n + Mass; NI Surg/path: BPV mass and 
sewing ring dehiscence 
dehiscence 
M 9 CHF — + NI LVD Cath: LVD, NI BPV 
M 13 IE "E T NI NI 6 neg BC (postpericardiotomy 
b syndrome) 
M 7 IE + + Mass NI 6 pos BC; 
É cath/surg/path: BPV mass 
E 10 M 60 IE T + Mass; NI Cath: NI LV, MR; 
sewing ring surg/path: dehisced BPV leaflet 
dehiscence 
i011 M 60 CHF + Leaflet LVD Cath: NI BPV; 
a thickening surg/path: leaflet thickening 
E512 M 13 CVA + 7 | NI 10 neg BC; 
E n cath: NI BPV, NI LV 
am (other source of emboli found) 
e^ 13 M 34 IE + * Leaflet NI Cath: MR, NI LV; 
d thickening surg/path: BPV leaflet 
4 thickening 
E 14 Ao 60 CVA 4 T Leaflet NI Cath: AR, NILV; 
P= thickening surg/path: thickening 
E of BPV leaflets 
8.715 M 15 IE "JT P NI NI 8 neg BC 
E 16 50 IE Jt T Mass NI Cath/surg/path: NI LV, 
Re BPV mass 
| eae T Ao 48 NI T t NI NI Clinically NI (baseline) 
te 18 M 2 IE = + Mass NI 8 pos BC; cath/surg/path: BPV 
: mass 
eer 19 M 0.75 IE + T NI NI 10 neg BC (drug fever) 
E20 Ao 0.25 IE -— + Leaflet NI 8 pos BC; surg/path: leaflet 
p dehiscence dehiscence 
"21 Ao 0.5 NI T T NI NI Clinically NI (baseline) 
22 M 25 IE eb: + Leaflet NI 6 pos B 
thickening 
23 M 35 CHF + T NI LVD Cath: LVD; NI BPV 
24 Ao 60 CVA T t NI NI Cath/surg: NI LV, NI BPV 
(mitral disease) 
25 M 35 NI + + NI NI Clinically NI (baseline) 
26 M 48 NI T T NI NI Clinically Ni (baseline) 
27 Ao 6 CVA ad + Mass NI Surg: perivalve fibrosis 
without mass 
28 T 32 NI + T NI NI Clinically N! (baseline) 
29 Ao 65 CHF eh + NI LVD Cath: LVD, NI BPV 
30 M 36 IE me $ Leaflet NI 10 pos BC 
thickening 
31 M 29 CHF ze t LVD Cath: NI BPV, LVD 
32 M 24 IE = + Leaflet NI 6 pos BC 
thickening 
33 M 60 CVA " + Leaflet NI Cath/surg/path: thickened 
thickening BPV leaflets, NI LV 
E934 Ao 31 IE 24 rb Mass LVD Cath/surg/path: BPV mass; 
E with LVD with aneurysm 
7 aneurysm 
35 M 29 IE = + Mass LVD 8 pos BC; PM: BPV mass 
36 Ao, M, T 9 CHF "m = NI LVD Cath: NI BPV; LVD with 
with aneurysm 
aneurysm 
37 M 2 NI 3 + NI NI Clinically NI (baseline) 
à 38 M 4 IE TI TI TI TI PM: BPV vegetations 
E 39 M 48 IE A: T NI NI 8 neg BC 
WG 40 M 20 IE + tM NI 9 neg BC 
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Months postop = months since valve replacement surgery. 


Ao = aortic; BC = blood cultures; BPV = bioprosthetic valve; Cath = cardiac catheterization with angiography; CHF = congestive heart failure; 
Clin = clinical; CVA = cerebrovascular accident; Diag = diagnosis; IE = infectious endocarditis; LV = left ventricle; LVD = left ventricular dysfunction; 

_M= mitral; neg = negative; NI = normal; path = pathology; PM = postmortem examination; pos = positive; surg = surgery; T = tricuspid; TI = 

- technically inadequate; 2D = two dimensional; veg = vegetation. 

»  — = incorrect; + = correct. 


described by Horowitz et al.’ for valves in the mitral position, 
and by Bloch et al.!? for valves in the aortic position. In con- 
trast to the two dimensional echocardiographic studies, less 
strict criteria for correctness were applied to the M mode 
echocardiogram. For an M mode echocardiographic study to 
be judged as correct it had merely to distinguish normal from 
abnormal rather than diagnose the specific abnormality as 
required of the two dimensional studies. 

Statistical analysis was performed with the paired Stu- 
dent's t test. 


FIGURE 1. Patient 8, with a normal bioprosthesis in 
the mitral position. A, long axis drawings (upper 
panels) and photographs (lower panels) of a systolic 
frame (left panels) and a diastolic frame (right pan- 
els). Note the delicate intrastent leaflet echoes (If) and 
the smooth contour of the two stents (s) imaged in this 
view. There is an incidental pericardial effusion (pe) 
present. a — anterior; Ao — aorta; ap — cardiac apex; 
b — cardiac base; LA - left atrium; LV — left ventri- 
cle; p — posterior. B, short axis drawing (upper 
panels) and photographs (lower panels) in the same 
format. Note the delicate intrastent leaflet echoes (lf) 
and the smooth contour of the three stents imaged in 
this short axis view of a mitral bioprosthesis. | = left; 
r — right; other abbreviations as in A. 
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Results 


A technically adequate two dimensional echocardi- 
ogram of both the left ventricle and the bioprosthesis 
was obtained in 39 of the 40 patients. A technically ad- 
equate M mode echocardiogram of the left ventricle was 
obtained in 37 patients, and a technically adequate M 
mode echocardiogram of the bioprosthesis was obtained 
in 36 patients. Table I gives the bioprosthetic valve 
position, the time after valve replacement surgery, 
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systole diastole 
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FIGURE 2. Patient 35, with malfunction of a mitral bioprosthesis. A, 
systolic (left panels) and diastolic (right panels) long axis drawings 
(upper panels) and photographs (lower panels). The stents (s) are 
represented in solid white, the porcine leaflet mass (m) is denoted by 
coarse stippling. Note the mass falling into the left ventricle (LV) in 
diastole and moving back toward the left atrium (LA) in systole. ECG 
= electrocardiogram. Other abbreviations as in Figure 1A. B, short axis 
drawings and photographs of the mitral bioprosthesis. Note the intrastent 
mass falling back into the left ventricle in diastole and into the image 
plane. In systole, the mass moves out of the image plane and the three 
stents (solid white) of the bioprosthesis are visualized. Other abbre- 
viations as in Figure 1. 


presumptive clinical diagnosis, M mode echocardio- 
graphic and two-dimensional echocardiographic find- 
ings and confirmatory data in each patient. 

Findings in normal valves: Twenty-four normal 
bioprosthetic valves were found in 22 of the patients in 
the study group. Fourteen of these valves were in the 
mitral position, seven in the aortic position and three 
in the tricuspid position. The porcine leaflet thickness 
in all of the normal valves was 3 mm or less on two di- 
mensional echocardiography. 'T'he leaflets of the normal 
bioprostheses were imaged in all 14 in the mitral posi- 
tion, in all 3 in the tricuspid position and in 4 of the 7 in 
the aortic position. The other three aortic valves in 
which the leaflets could not be fully imaged were con- 
sidered normal, and this hypothesis was later confirmed. 
The sewing ring and all three stents of all 24 normal 
valves were visualized and observed to have a smooth 
contour without extraneous adjacent echoes. The nor- 
mal mitral bioprosthesis of Patient 8 is shown in the 
long and short axis views in Figure 1. 

Findings in malfunctioning valves: In contrast to 
the delicate echoes of the normal leaflets in Figure 1, 
Figure 2 illustrates in the long and short axis views a 
mitral bioprosthesis with a porcine leaflet mass (Case 
35). Figure 3 shows a systolic and diastolic frame in the 
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long and short axis views of a bioprosthesis with an 
aortic prosthetic sewing ring dehiscence and severe 
aortic regurgitation (Case 6). There was rocking of the 
valve ring proximally (toward the cardiac apex) in 
diastole and distally (away from the cardiac apex) in 
systole. This motion was in striking contrast to the very 
slight rhythmic motion of the normal aortic biopros- 
thesis which was in consonance with the aortic root, and 
to the motion of the mitral anulus in the normal mitral 
bioprosthetic valve. 

Categorization of two dimensional echocardio- 
graphic findings: The patients were categorized ac- 
cording to their two dimensional echocardiographic 
findings as well as their presenting clinical diagnosis 
(Fig. 4). Two dimensional echocardiography provided 
a correct diagnosis in seven of seven patients who were 
considered clinically normal and who were referred for 
baseline studies. Among the 33 patients with suspected 
valve or left ventricular dysfunction, there was one 
technically inadequate study, and 16 had an abnormal 
bioprosthetic valve and a normal left ventricle. Two 
dimensional echocardiography provided a correct di- 
agnosis in all six patients with bioprosthetic valve leaflet 
thickening (four presenting with a presumptive clinical 
diagnosis of infectious endocarditis and two with a 
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FIGURE 3. Patient 6, with a dehisced prosthetic sewing ring in the aortic 
position. A, systolic and diastolic drawings (above) and photographs 
(below) in the long axis view. The dashed line is drawn parallel to the 
long axis of the stents to demonstrate the rocking motion of the valve 
toward the cardiac apex (ap) in diastole and away from the cardiac apex 
in systole. The small arrow demonstrates the direction of the rocking 
motion. The stents are represented by solid white in the drawing. B, 
short axis systolic and diastolic frames of the left ventricle (LV at the 
level of the mitral valve (MV) and the left ventricular (LV) outflow tract. 
In diastole, the dehisced aortic prosthesis falls back into the left ven- 
tricular outflow tract (white arrow). In systole, the bioprosthesis moves 
away from the cardiac apex and out of the image plane. Abbreviations 
as in Figure 1. 


history of cerebrovascular accident), in the one patient 
with bioprosthetic valve leaflet dehiscence who pre- 
sented with infectious endocarditis and in six patients 
with valve masses who presented with infectious en- 
docarditis. The one patient (Case 27) with an incorrect 
(false positive) two dimensional echocardiogram had 
a bioprosthetic valve mass. This patient presented with 
angina pectoris and a history of cerebrovascular acci- 
dents, and the two dimensional echocardiogram ap- 
peared to show a mass associated with the prosthesis 
near the origin of the left main coronary artery. At op- 
eration, a small area of perivalve fibrosis was found 
between the aortic wall and a reinforcing gusset near 
the origin of the left main coronary artery, but this 
finding was not considered to be pathologic by the 
surgical team. 

Among the remaining patients with suspected 
bioprosthetic valve or left ventricular dysfunction, the 
two dimensional echocardiogram was diagnostically 
accurate in the following: the two patients with a valve 
mass and ring dehiscence (one patient presenting with 
a cerebrovascular accident and the other with a pre- 
sumptive clinical diagnosis of infectious endocarditis); 
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eight of eight patients with a normal bioprosthetic valve 
and a normal left ventricle (six with a presumptive 
clinical diagnosis of infectious endocarditis and two with 
cerebrovascular accident); seven of seven patients witb 
a normal bioprosthetic valve and an abnormal left 
ventricle (all seven presenting with congestive hearl 
failure of unknown origin). Two dimensional echocar- 
diography provided a correct diagnosis in the one pa- 
tient with bioprosthetic valve leaflet thickening anc 
abnormal left ventricular function who presented witt 
congestive heart failure, and it also detected in Patient: 
34 and 36 an apical left ventricular aneurysm that wa: 
confirmed with left ventriculography. 

Correlation of echocardiographic and clinica 
diagnoses: Figure 5 classifies the 40 patients in the 
study group according to presumptive clinical diagnosis 
All seven patients with normal clinical findings wh« 
were referred for baseline studies had a normal two di 
mensional echocardiographic study. Among the 32 pa 
tients with a clinical diagnosis of infectious endocarditis 
congestive heart failure of cerebrovascular acciden 
and a technically adequate study; the two di 
mensional echocardiogram was correct in 31 patient 
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Among the 18 patients with a clinical diagnosis of in- study. The two dimensional echocardiogram also pro- 
fectious endocarditis, a mass associated with the valve vided a correct diagnosis in five of six patients with a 


‘was seen in 12 patients confirmed to have endocarditis, history of a cerebrovascular accident, correctly impli- 
and no valve abnormality was seen in the 6 patients who cating the bioprosthesis as a source of emboli in three 
were proved not to have endocarditis. Patient 38, who patients and correctly finding no prosthetic abnormality 
was referred with a presumptive clinical diagnosis of in the two others who subsequently had confirmation 
infectious endocarditis, had a technically inadequate of the noncardiac origin of their emboli; as previously 


E 2-DIMENSIONAL ECHOCARDIOGRAPHIC CLASSIFICATION 
E OF 40 PTS WITH BIOPROSTHETIC VALVES 


33 PTS: SUSPECTED BPV 7 PTS: CLINICALLY NL 


and/or LV DYSFUNCTION (7/7: NL 2DE) 





1 PT: STUDY 
TECHNICALLY 
INADEQUATE (IE) 


8/8: NL BPV 7/7: NL BPV 1/1: BPV LEAFLET 
16 PTS: ABNL BPV & NL LV & ABNL LV THICKENING 
& NL LV & ABNL LV 
(6IE + 2CVA) (7CHF) (1CHF) 


6/6:BPV 1/1: BPV 6/7: BPV 2/2: BPV MASS 

LEAFLET LEAFLET MASS & RING 
THICKENING DEHISCENCE DEHISCENCE 
(41E, 2CVA) (IE) (61E) (1CVA + 1IE) 


1/7: FALSE 
| POS MASS 
fe (1CVA) ' 
FIGURE 4. Forty patients (PTS) categorized according to two dimensional echocardiographic findings. The denominators of the fractions represent 
the number of patients in each category according to the confirmatory studies; the numerator represents the number of patients whose two dimensional 
‘echocardiogram provided a correct diagnosis. ABNL = abnormal; BPV = bioprosthetic valve; CHF = congestive heart failure; CVA = cerebrovascular 
accident; IE = infectious endocarditis: LV = left ventricular; NL = normal; POS = positive; 2DE = two-dimensional echocardiography. 
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DIAGNOSTIC CLASSIFICATION 
OF 40 PTS WITH BIOPROSTHETIC VALVES 
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33 PTS: CLINICAL DX OF 7 PTS: CLINICALLY NORMAL 
IE, CHF OR CVA (7/7: NORMAL 2DE) 


1 PT: CLINICAL DX-—IE 
TECHNICALLY 
INADEQUATE STUDY 


18 PTS: CLIN DX—IE 8 PTS: CLIN DX—CHF 6 PTS: CLIN DX-CVA FIGURE 5. Diagnostic classification 
2DE CORR POS IN 12 PTS 2DE CORR 2DE CORR POS IN 3 PTS of 40 patients with bioprosthetic valves. 
2DE CORR NEG IN 6 PTS DETERMINED 2DE CORR NEG IN 2 PTS CLIN = clinical; CORR = correctly; DX 





ETIOLOGY IN 8 PTS 2DE FALSE POS IN 1 PT = diagnosis; NEG = negative. Other 
abbreviations as in Figure 4. 





described, the sixth patient had a false positive two di- 
mensional echocardiogram. The remaining 8 patients 
in the group of 33 with suspected prosthetic valve 
malfunction or left ventricular dysfunction were re- 
ferred for assessment of the cause of congestive heart 
failure, and the two dimensional echocardiogram cor- 
rectly identified the left ventricle as the cause of the 
failure in all 8 patients. Thus, when analyzed on the 
basis of the patients’ presenting clinical diagnosis, two 
dimensional echocardiography was accurate in 18 of 18 
patients with suspected endocarditis and 5 of 6 patients 
with a clinical diagnosis of cerebrovascular accident, and 
it correctly elucidated the cause of congestive heart 
failure in 8 of 8 patients (Fig. 5). 

Comparison of echocardiographic findings and 
confirmatory data: Table II summarizes the accuracy 
of the two dimensional echocardiographic study in 
relation to confirmatory data in the patients with 
technically adequate recordings. The two dimensional 
echocardiographic evaluation of the bioprosthetic valve 
was correct in 97 percent of the study patients. Two 
dimensional echocardiography correctly evaluated left 
ventricular function in all patients in the study group, 
including the two with a left ventricular aneurysm. The 
independent M mode echocardiographic studies in this 
same group of patients (Table II) had a diagnostic ac- 
curacy rate of only 67 percent in relation to evaluation 
of bioprosthetic valve function. In evaluating left ven- 
tricular function, M mode echocardiography was correct 
in 95 percent of patients. The M mode studies did not 
detect the two patients with apical left ventricular an- 
eurysm. 

M mode versus two dimensional echocardiogra- 
phy: The 12 incorrect M mode echocardiograms of 
bioprosthetic valves included 10 false negative and 2 
false positive diagnoses. In this study, a false negative 
result was defined as an echocardiogram that identified 
an abnormal valve as normal and a false positive result 
as an echocardiogram that identified a normal valve as 
abnormal. The 10 false negative diagnoses consisted of 
the following: six valve masses, three cases of leaflet 
thickening and one case of leaflet dehiscence that were 
missed on M mode echocardiography. In the two false 
positive diagnoses (Cases 7 and 31), the M mode diag- 
nosis of a leaflet mass was not confirmed. 

There was a statistically significant difference be- 
tween the 97 percent diagnostic accuracy rate of the two 
dimensional studies and the 67 percent diagnostic ac- 
curacy rate of the M mode studies (P <0.001) in the 
evaluation of bioprosthetic valves. There was no sig- 
nificant difference in the diagnostic accuracy rates of 
the two techniques in regard to the evaluation of left 
ventricular function. 


Discussion 


Previous echocardiographic studies?-!? relating to the 
noninvasive diagnosis of porcine xenograft function and 
malfunction used the M mode technique. These studies 
described the normal tissue prosthesis in the mitral’? 
and the aortic! position with echocardiographic criteria 
established for a normal tissue valve. Also, these M 
mode echocardiographic studies examined a few pa- 





Comparative Diagnostic Accuracy of Two Dimensional and — 
M Mode Echocardiography in Evaluation of Bioprosthetic — 
Valves and Left Ventricular Function AS U A r 


Bioprosthetic Valves Left Ventricular Function - 
2D M Mode 2D MMode . 






Diagnosis 

Correct 38/39 24/36 39/39 35/37 | $ 
(97 96) (67 96) (10096) (95%) .— 

Incorrect 1/39 12/36 0/39 2/37- "2 
(396) (3396) o E (596) ^2 


NS = not significant; P = probability; 2 D = two dimensional. f 
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tients with complications of the mitral or aortic bio- - 
prosthesis. Our study was designed not only to describe - 
the normal and abnormal porcine bioprostheses as they - 
are imaged with two-dimensional echocardiography, but - 
also to assess the clinical utility of the two dimensional | 
technique in evaluating left ventricular and valve 
function in patients with bioprosthetic valves, and to | 
compare these data with M mode echocardiography in | 
the same group of patients. | 

Diagnostic criteria for the normal prosthetic 
valve: From the observations made in the 15 patients 
in this study with normal bioprosthetic valves, some 
diagnostic criteria for a normal porcine graft can be 
formulated: (1) The stents and sewing rings should have 
a smooth contour, without irregularities on their surface, 
as would be found with a mass attached to their struc- 
ture; (2) the motion of the sewing ring should be con- 
sonant with and not greater than the motion of the 
surrounding cardiac tissues; otherwise, ring dehiscence 
should be suspected; and (3) normal porcine leaflet 
thickness should not exceed 3 mm; if the leaflets are 
substantially thicker than 3 mm, then leaflet thickening 
or a mass should be suspected. Tissue leaflets were 
imaged in all 14 of the normal mitral prostheses, in all 
3 of the normal tricuspid prostheses and in 4 of the 7 
normal aortic prostheses. The aortic valves whose 
leaflets were not fully imaged were considered normal 
and this was confirmed as correct in all cases. These 
findings are similar to those of Bommer et al.'* 

Two dimensional echocardiography for diag- 
nosing infectious endocarditis and thromboembo- 
lism: Two dimensional echocardiography had a diag- 
nostic accuracy rate of 97 percent in evaluating the 
bioprosthesis. It proved valuable in localizing infectious 
endocarditis and in identifying probable sources of 
emboli in patients with a cerebrovascular accident. It 
accurately indicated that the prosthesis was not in- 
volved in six of six patients with suspected infectious 
endocarditis. Although these results are intriguing, 
caution should be used in applying these data to the 
clinical situation, and routine methods (blood cultures, 
for example) should prevail for primary diagnosis. Ob- 
viously, an infective focus or vegetation could be too 
small to be visualized with these echocardiographic 
protocols. Two dimensional echocardiography accu- 
rately ruled out the porcine bioprosthetic valve as a 
source in two patients with emboli of noncardiac origin. 
but further studies in a larger group of patients are 
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ail ure had left ventricular or valve dys- 
e major underlying problem. __ : 
re only one false positive diagnosis and no 
tive results in the evaluation of porcine valve 
th two dimensional echocardiography. The 
th perivalve fibrosis between the aortic wall 
Yforcing gusset whose two dimensional echo- 
iographic study was interpreted as a false positive 
ially had extraneous fibrotic tissue around the 
















hesis at operation as suggested by the echo- 
graph ic study. However, this fibrosis was not 

1 pathologic by the surgical team. The two 
ip hased array echocardiographic system is 


sitive to structural abnormalities in tissue 
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saution should be exercised when inter- 
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xamine the diagnostic accuracy rate of this 
chnique in comparison with standard confirmatory 

. Our study favored the M mode technique because 
clinical information was available to the physicians 
interpreted the M mode echocardiographic studies, 
(2) the criteria for judging an M mode study correct 


e more lenient than the criteria for the two dimen- 


ay 


al studies. Although the effect of this bias would be 
o lhance the diagnostic accuracy rate of the M mode 
echocardiogram, two dimensional echocardiography in 
our study proved superior to M mode echocardiography 
i s sessing bioprosthetic valves. | 
Assessment of left ventricular function: As has 
en found in previous studies,!5-17 M mode and two 
dimensional echocardiography provide reliable quali- 
tative assessment of left ventricular function. The two 
techniques had comparable diagnostic accuracy rates 
iis study. However, M mode echocardiographic as- 
ment of left ventricular function in patients with 
major segmental wall motion abnormalities due to 
ischemic heart disease or cardiomyopathy presents 
ifficulties.!* In our two patients with an apical left 
ricular aneurysm, the aneurysm was accurately 
d and localized with two dimensional echocar- 
hy but missed with the M mode technique. Even 
ugh there was no statistical difference in the diag- 
tic accuracy rates of these two techniques, our 
dings emphasize the inherent problem of the insen- 
sitivity of M mode echocardiography to segmental wall 
motion abnormalities. — S, 
KA lvantages and potential sources of error of the 
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The two dimensional echocardiogram, like the M 
mode technique, can result in a false positive diagnosis. 
Improperly high instrument gain settings can lead to 
artificially exaggerated echoes that can simulate valve 
masses. This property is especially important in view 
of the polypropylene-stellite used in the porcine 
bioprosthesis. A potential for false negative diagnosis 
exists if gain settings are too low. As mentioned, if gain 
settings are set to optimize the sewing ring and stent 
image, soft tissue echoes (that is, a mass or leaflet 
thickening) may be missed. Also, very small valve 
masses (less than 1 to 2 mm in diameter) may be beyond 
the resolution capabilities of the instrument and may 
be missed on two dimensional echocardiography. 

Clinical implications: Many of the observations in 
this study are highly qualitative and based on the gain 
attenuation previously described. Other ultrasonic 
laboratories may need to establish their own, slightly 
different, criteria for interpreting two dimensional 
echocardiograms of bioprosthetic valves, especially if 
the instrument used, differs greatly from the phased 
array system described in this report. a 

As more patients undergo valve replacement with the 
porcine bioprosthesis it becomes even more important 
to have an accurate noninvasive means of assessing left 
ventricular and valve function in these patients. M | 
mode echocardiography has been used in this capacity - 
but appears to have inherent weaknesses in evaluating | 
both valve and segmental wall motion abnormalities in - 
these patients. In our study, two dimensional echocar- 
diography not only demonstrated a high rate of diag- 
nostic accuracy with regard to both the left ventricle and 
the bioprosthesis but also was clearly superior to M 
mode echocardiography in assessing the porcine 
valve. 

This retrospective review of our data indicates the 
valuable diagnostic content of the ultrasonic images in 
this postoperative population. Indeed, the active pro- 
spective application of this type of information in such 
patients in our medical center is the most cogent en- 
dorsement of our results. We believe that two dimen- 
sional echocardiography has great clinical utility in- 
evaluating patients with porcine bioprosthetic valves 
who present to their physicians with suspected endo- 
carditis, embolic phenomena or congestive heart fail- - 
ure. | 
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Acute Retrograde Dissection of the Ascending Thoracic Aorta 


The clinical, aortographic and pathologic features of six patients with acute 
retrograde dissection of the ascending thoracic aorta are presented and 
appropriate guidelines for surgical treatment are proposed. Although acute 
dissection of the aorta was the clinical diagnosis in these patients, clinical 
features were not helpful in identifying the pattern or extent of dissection. 
Aortography demonstrated that the site or sites of intimal tear occurred 
adjacent to the origin of the innominate artery (three patients) or left 
subclavian artery (two patients); an intimal tear was not seen in one pa- 
tient. Five of the six patients also had acute or chronic (or both) antegrade 
dissection of the descending thoracic aorta. Retrograde dissection of the 
ascending aorta occurred in the outer portion of the media. The primary 
histologic changes were fragmentation of elastic fibers and fibrosis of the 
media. Three patients died, including two of the five patients who were 
treated surgically; the other three patients survived. Immediate re- 

placement of the ascending aorta with a Dacron graft is recommended 

to prevent lethal complications due to extension of retrograde dissection, 

even though dissection may involve both the ascending and descending 

aorta and the site of intimal disruption may not be resected. The aortic 

arch or descending thoracic aorta, or both, can be replaced later, utilizing 

total body hypothermia and temporary circulatory arrest, if further dis- 
section or enlargement of the aorta occurs after emergency operation 

on the ascending aorta. 


D 


Dissections of the thoracic aorta have been classified by DeBakey et al.! 
into three major types, based on whether the dissection involves both 
the ascending and descending aorta (type I), only the ascending aorta 
(type II) or only the descending aorta (type III). This grouping was 
simplified by Daily et al.,? who classified type I and II dissections, which 
have a poor prognosis, as type A, and type III dissection, which has a 
much better prognosis, as type B. 

Dissections of the ascending aorta usually have a tear in the intima 
of the proximal aorta adjacent to the coronary arteries.?-? These dis- 
sections extend in an antegrade direction to the aortic arch, then usually 
continue into the more distal aorta. Lethal complications frequently 
accompany dissections of this type if the dissections are untreated or 
treated medically.?-!? The most common cause of death is acute peri- 
cardial tamponade due to rupture of the adventitia of the intrapericardial 
portion of the aorta. Other fatal complications include left ventricular 
failure due to acute aortic regurgitation, myocardial infarction resulting 
from occlusion of a coronary ostium and cerebral infarction due to oc- 
clusion of a carotid artery. The extremely high mortality rate associated 
with dissection of the ascending aorta has been greatly reduced by an 
operation in which the continuity of the intima of the ascending aorta 
is restored. This is accomplished by resecting the segment of the aorta 
that contains the site of intimal tear, suturing closed the dissected layers 
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FIGURE 1. Stages of complete surgical repair of retro- 
grade dissection of the ascending thoracic aorta and 
anterograde dissection of the descending thoracic aorta 
secondary to an intimal tear adjacent to the origin of the 
the innominate artery. A, illustration of extent of dissec- 
tion. Distortion of the aortic valve results in loss of support 
of the aortic valve commissures and aortic regurgitation 
(arrow). The primary intimal tear may have been at a site 
distal to the origin of the innominate artery (represented 
by the three dotted lines perpendicular to the aorta). B, 
recommended emergency surgical repair of retrograde 
dissection of the ascending aorta. The aortic valve has 
been resuspended and the ascending aorta has been 
replaced with a Dacron graft. C, total replacement of the 
aortic arch may be performed later after the ascending 
aorta is replaced in an emergency procedure. The pri- 
mary intimal tear has now been resected and the proximal 
extent of the false lumen of the dissection obliterated by 
the distal suture line. The remaining dissection may close 
or it may continue to fill through intimal tears that are 
more distal in the aorta. 


of the aorta, and replacing the resected segment of the 
aorta with a Dacron® graft.!! The success of this oper- 
ation has made immediate surgery the recommended 
treatment for dissections of the ascending thoracic 
aorta. .2:9-20 

Dissections limited to the descending thoracic aorta 
have a tear in the intima of the aorta adjacent to the 
origin of the left subclavian artery.?- These dissections 
usually extend in an antegrade direction, and they fre- 
quently continue into the abdominal aorta. The prog- 
nosis for this type of aortic dissection is much better 
than that for dissections of the ascending aorta,?-95-10?1 
and the results of medical treatment for uncomplicated 
dissection of this type are good.?9.17.15.20 Thus, it is 
apparent that the two major types of dissection of the 
thoracic aorta differ not only in location but also in 
prognosis and treatment. 

Some dissections of the ascending thoracic aorta are 
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atypical in that the site of intimal tear occurs in or dista 
to the aortic arch and dissection extends in a retrograde 
direction toward the aortic valve. Retrograde dissectior 
of the ascending aorta is associated with a high mortality 
rate if it is not recognized and properly treated.5?? Ir 
this communication we present the clinical, aortogra 
phic and pathologic findings in six patients with acute 
retrograde dissection of the ascending aorta and, on th 
basis of these data, we propose appropriate guideline: 
for surgical treatment of this entity. 


Methods 


The study group comprised six patients with acute retrc 
grade dissection of the ascending thoracic aorta who wer 
treated at the Stanford University Hospital between 1971 an 
1977. These patients were hospitalized within 2 weeks of th 
onset of chest pain. The patterns and extent of dissection « 
the aorta were demonstrated with thoracic aortography, whic 


Clinical Features of Six Patients With Acute Retrograde Dissection of the Ascending Thoracic Aorta 


New 
Aortic Neuro- 
Age Acute Regur- logic 
Case (yr) Hyper- Chest  gitant Defi- Acute 
no. &Sex tension Pain Murmur CHF cit MI (ECG) 
1 54M T + 0 0 0 0 
2 57M aie T + 0 0 0 
3 58F + s + 0 0 0 
4 60F + + 0 0 0 0 
5 72F + + + 0 0 0 
6 75F T * 0 0 + 0 
+ = present; 0 = absent; - - - = data not applicable. 


CHF = congestive heart failure; ECG = electrocardiogram; MI = 





Days 
From 
Enlarged Onset of 
Aorta Pain to 
(Chest Opera- 
X-ray) tion Clinical Course 
+ 1'5 Uncomplicated graft replacement of ascending aorta 
followed in 6 weeks by graft 
replacement of the aortic arch 
T 1 Died due to intraperitoneal hemorrhage prior to repai 
of the thoracic aorta’ 
* 13 Uncomplicated insertion of graft in ascending aorta 
* 10 Uncomplicated insertion of graft in ascending aorta 
2 2/3 Died of ventricular arrhythmia 1 day after insertion o! 
graft in descending and ascending aorta 
T --- Died of pericardial tamponade, without operation, 18 


days after onset of pain 


myocardial infarction. 








was performed using retrograde catheterization through the 
femoral artery. 
= The pathologic anatomy of the thoracic aorta was observed 
_at operation in five patients and at necropsy in three. The 
- histologic features of the ascending aorta in the region of 
- dissection were studied in tissue that was obtained at opera- 
- tion or necropsy and stained with hematoxylin-eosin, colloidal 
_ iron and elastic-van Gieson stains. 
___ Five of the six patients underwent operation to repair the 
- dissection. The operations consisted of closing the dissection 
- with sutures, inserting a Dacron graft in the ascending aorta 
_ or replacing the ascending aorta!! and, in one patient, re- 
placing the aortic arch with a Dacron graft. A combination of 
- surface cooling and cardiopulmonary bypass was utilized to 
- produce total body hypothermia and temporary circulatory 
_arrest during replacement of the aortic arch.2° The stages of 
- complete surgical repair of retrograde dissection of the tho- 
 racic aorta are illustrated in Figure 1. 


Results 


Clinical Status 
__ The six patients with acute retrograde dissection of 
the ascending thoracic aorta (two men and four women) 








ranged in age from 54 to 75 years (mean 61). The clinical 
features of these patients are summarized in Table I, 
and their angiographic and pathologic findings are il- 
lustrated in Figures 2 to 9. Each patient had a history 
of hypertension and acute onset of severe chest pain. An 
aortic regurgitant murmur of recent onset was present 
in three patients (Cases 2, 3 and 5); however, none of the 
patients had congestive heart failure. The patient who 
was not treated surgically (Case 6) had a right cerebral 
infarction 11 days after the onset of aortic dissection; 
none of the other patients had a neurologic deficit. None 
of the patients had an acute myocardial infarction 
demonstrated on electrocardiography. Chest radio- 
graphs showed that the thoracic aorta of each patient 
was abnormally large. 


Angiographic Findings 

Dissection of the ascending aorta was clearly dem- 
onstrated on aortography in four patients (Cases 2, 3, 
5 and 6) before operation. A tear in the intima adjacent 
to the origin of the innominate artery was observed in 


FIGURE 2. Case 1. A, thoracic aortogram in the right pos- 
terior oblique view after replacement of the ascending aorta 
with a Dacron graft (dotted lines), demonstrating a dissecting 
aneurysm of the aortic arch, an intimal tear of the aortic arch 
(small arrowheads) and a communication between the 
lumen of the aorta and the dissection at the distal anasto- 
mosis of the Dacron graft and aorta (large arrowheads). The 
aortic valve is normal and there is no dissection of the de- 
scending aorta, B, histologic section of a full thickness 
specimen of the ascending aorta showing a thin intima (l), 
dissection through the outer portion of the media (M), mild 
fragmentation of elastic fibers cf the media, thrombus (T) in 
the dissection and hemorrhage in the adventitia (A). (Elast- 
ica-van Gieson stain X7.5, reduced by 57 percent.) 


. FIGURE 3. Case 2. A, thoracic aortogram in the 
right posterior oblique view with the catheter en- 
tering a dissection of the ascending aorta at a tear 
in the intima that is adjacent to the origin of the 
innominate artery (arrowhead 1). The coronary 
erteries, sinuses of Valsalva and aortic leaflets are 
not filled with radiographic contrast material. A 
second intimal tear, near the origin of the left 
subclavian artery (arrowhead 2), and a dissection 
of the descending aorta (small arrows) are 
demonstrated. B, photograph of the thoracic aorta 
with the heart at the bottom and the proximal de- 
scending aorta at the top, showing moderate 
atherosclerosis of the intima of the ascending 
aorta, a 5 cm linear laceration in the intima adja- 
cent to the origin of the innominate artery (ar- 
rowhead 1), and an elliptical tear with smooth 
edges in the intima adjacent to the origin of the left 
subclavian artery (arrowhead 2) that is in conti- 
nuity with an old dissection of the descending 
thoracic aorta. 
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FIGURE 4. Case 2. A, histologic section of the ascending aorta, 
showing thickening of the intima (I) and thrombus (T) in a dis- 
section through the outer portion of the media (M). The elastic 
fibers of the media are intact. B, histologic section of a full 
thickness specimen of the ascending aorta showing an ather- 
omatous plaque in the intima (I) that contains fat deposits and 
cholesterol crystals, diffuse fragmentation of the elastic fibers 
and fibrosis in the media (M), and fibrosis of the adventitia (A). 
(Elastica-van Gieson stain X35, reduced by 52 percent). 


FIGURE 5. Case 4. Thoracic aortograms in the 
frontal (A) and lateral (B) views, showing a 
widened tissue density between the lumen of 
the ascending and descending aorta and the 
lateral border of the mediastinum (arrow- 
heads) that is suggestive of aortic dissection. 
The aortic valve appears normal, and no inti- 
mal tear is demonstrated. 


FIGURE 6. Case 4. A, histologic section of a full thickness 
specimen of the ascending aorta showing thickened intima 
(I), dissection with thrombus (T) in the outer portion of the 
media (M) and mild fragmentation of elastic fibers. A — ad- 
ventitia. B, histologic section of the ascending aorta at a 
higher power magnification showing a thickened intima, mild 
fragmentation of elastic fibers in the media (M) and thrombus 
in the dissection. (Elastica-van Gieson stain X76 [A] and X35 
[B], reduced by 54 percent.) 
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FIGURE 7. Case 5. A, thoracic aortogram in the frontal view with 
the tip of the catheter entering the dissection of the ascending 
aorta at an intimal tear adjacent to the origin of the left subclavian 
artery (black arrowhead), demonstrating the srhooth lumen of 
the dissection that extends into the innominate artery. The cor- 
onary arteries, sinuses of Valsalva and aortic leaflets are not 
filled with radiographic contrast material. Dissection of the de- 
scending aorta is demonstrated by compression of the lumen 
of the aorta and a widened tissue density between the lumen and 
the lateral border of the mediastinum (white arrowheads). B, 
photograph of the thoracic aorta showing moderate athero- 
sclerosis of the intima of the ascending aorta (left) and marked 
atherosclerosis of the intima of the proximal descending aorta 
(right). The Dacron grafts in the ascending and descending aorta 
are intact, and there is no intimal tear. C, histologic section of 
a full thickness specimen of the ascending aorta where the 
dissection ends showing fibrous thickening of the intima (I) and 
dissection with thrombus (T) through the outer portion of the 
media (M). The outer media shows marked fragmentation of 
elastic fibers and fibrosis. A = adventitia. 


FIGURE 8. Case 6. Thoracic aortograms in the 
right posterior oblique view with the catheter (A) 
entering a dissection in the ascending aorta at a 
tear in the intima that is adjacent to the origin of 
the innominate artery (black arrowhead in B) and 
(B) in the lumen of the ascending aorta. Contrast 
medium in the dissection shows that the lumen is 
irregular and varies in caliber; there is no filling of 
the coronary arteries, sinuses of Valsalva or aortic 
leaflets with radiographic contrast material. Dis- 
section of the descending aorta is demonstrated 
by the widened tissue density between the lumen 
of the aorta and the lateral border of the medias- 
tinum (white arrowheads). 


Patients 2, 9 and 6 (Fig. 3 and 8). A tear in the intima 
was demonstrated adjacent to the origin of the left 


inferior wall of the arch and a communication between 
the lumen of the aorta and the dissection of the aortic 


subclavian artery in two patients; in Patient 5 (Fig. 7) 
this was the only intimal tear, and in Patient 2 (Fig. 3) 
isecond intimal tear was observed adjacent to the origin 
Som innominate artery. Dissection of the ascending 
horacic aorta was suspected in Patient 4 because of a 
widened tissue density between the lumen of the aorta 
and the right border of the mediastinum, even though 
an intimal tear could not be demonstrated on aortog- 
raphy in frontal, lateral or right and left oblique views 
(Fig. 5). Patient 1 was taken to operation and had the 
ascending aorta replaced without aortography because 
of acute pericardial tamponade. This patient’s chest 
pain recurred 6 weeks after operation, and thoracic 
10rtography at that time demonstrated a fusiform an- 
:urysm of the aortic arch, a tear in the intima along the 


arch at the distal suture line of the aortic graft (Fig. 
2). 

Dissection of the descending thoracic aorta was 
clearly demonstrated in Patients 2, 3, 5 and 6 on arte- 
riography (Fig. 3, 7 and 8). The dissection of the de- 
scending aorta was in continuity with an intimal tear, 
which was adjacent to the origin of the innominate ar- 
tery in Patients 3 and 6 (Fig. 8) and adjacent to the or- 
igin of the left subclavian artery in Patients 2 and 5 (Fig. 
3 and 7). Dissection of the descending aorta was sus- 
pected in Patient 4, even though a tear in the intima was 
not demonstrated (Fig. 5). 

Three patients (Cases 2, 3 and 5) had a murmur of 
aortic regurgitation. However, aortic regurgitation was 
demonstrated angiographically only when the tip of the 



















FIGURE 9. Case 6. A, photograph of the aortic 
arch with the heart at the bottom and the aortic 
arch at the top, demonstrating a linear tear in 
the intima adjacent to the origin of the in- 
nominate artery (arrowhead), a large throm- 
bus (T) (caused by aortic rupture) on the lateral 
surface of the ascending aorta, and moderate 
changes of atherosclerosis of the ascending 
aorta. B, histologic section of the media and 
adventitia of the ascending aorta at the dis- 
section showing thrombus in the dissection 
and marked medionecrosis, fragmentation of 
elastic fibers and fibrosis in the outer portion 
of the media (M). (Hematoxylin-eosin stain 
X45, reduced by 53 percent.) 


catheter was in the lumen of the ascending aorta. No 


complications resulted from aortography. 


Pathologic Findings 


Gross pathologic findings: The gross pathologic 
features of the thoracic aortas are summarized in Table 
II. A tear in the intima of the aorta, which was in con- 
tinuity with a recent dissection of the ascending aorta, 
was observed adjacent to the origin of the innominate 
artery in four patients (Cases 1, 2, 3 and 6). One of these 
patients (Case 2) also had a tear in the intima of the 

aorta adjacent to the origin of the left subclavian artery 
(Fig. 3B); however, the dissection did not involve the 
aortic arch between the two sites of intimal tear. There 
was a single tear in the intima of the aorta adjacent to 
the origin of the left subclavian artery in Patient 5 (Fig. 


"———"— vs 


7B). An intimal tear was believed to be prestat ind 
aortic arch at operation in Patient 4; however, the lu mer n 
of the aortic arch was not visualized. ^" 

Dissection of the descending thoracic aorta was. 
present at necropsy in three patients (Cases 2, 5 and 6). XT 
In two patients (Cases 2 and 5) the dissection was in. 
continuity with an intimal tear that was adjacent io he 
origin of the left subclavian artery (Figs. 3B and 7B 
and in Patient 6 the dissection was in continuity with 
an intimal tear that was adjacent to the origin of th 
innominate artery (Fig. 9A). Dissection of the « de 
scending thoracic aorta appeared to be recent in es en 
6 (Fig. 9A), old in Patient 2 (Fig. 3B) and both rec 
and old in Patient 5. One patient (Case 1) did not have 
a dissection of the descending thoracic aorta. The de 
scending thoracic aorta was not visualized at operatio on 
in Patient 3 or 4. B - 


^ 
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TABLE Il y 
Pathologic Features of the Thoracic Aorta of Six Patients With Acute Retrograde Dissection of the Ascending Thoracic Aorta 
Gross Intimal E > 
Dissection Site of Atherosclerosis Histologic E. 
Case Asc Desc Intimal Ao Asc Desc Changes of Media of - 2 
no. Ao Ao Tear V Ao Ao Asc Ao at Site of Dissection ae: 
1 Acute 0 Innom N 0 Sev Mild fragmentation of elastic fibers 
J 0 0 Ao arch N | 
2 Acute Chronic Innom, N Mod Sev Mild to marked fragmentation of elastic fibers and a 
L subclav fibrosis E 
3 Acute --- Innom N 0 --- Moderate fragmentation of elastic fibers and fibrosis — . 
4 Acute --- > --- N Mod --- Mild fragmentation of elastic fibers Re 
5 Acute Acute and L subclav N Mod Sev Marked fragmentation of elastic fibers and fibrosis "A 
chronic of outer media 5 
6 Acute Acute Innom N Mod Sev Marked fragmentation of elastic fibers, fibrosis and — | 
t medionecrosis ES 
* Before second operation. cU 
|»  * = present; 0 = absent; - - - = data not available. tj 
É Nass Ao = aorta, aortic; Asc = ascending; Desc = descending; Innom = innominate artery; L subclav = left subclavian artery; Mod = moderate; 


ad N = formal; Sev = severe; V = valve. | $ 





— Dissection of the ascending aorta occluded a carotid 
5 artery i in only one patient (Case 6). In no patient was a 
- coronary artery occluded. The aortic valve seemed to 
: be normal in each patient. 
= Histopathologic findings: The degree of pathologic 
E change differed among patients and also within the 
i ‘same patient in different regions of the ascending aorta. 
e "The intima had mild to marked thickening due to fatty 
hange or fibrosis (Fig. 4, 6 and 7C). Dissection invari- 
_ ably occurred in the outer portion of the media of the 
- ascending aorta (Fig. 2B, 6A, and 7C). The media 
- demonstrated mild to marked fragmentation of elastic 
E fibers or fibrosis, or both, in each of the patients (Fig. 
pL 6, 7 and 9) (Table II). Patient 6 (Fig. 9) had changes 
Bof medionecrosis. A mild or moderate amount of fibrosis 
E of the adventitia was present in each patient. 
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€ inical Course and Treatment 


— When it was indicated, the patients were treated with 
3 E iesi and negative inotropic drugs to 
“Maintain the mean arterial pressure at 90 to 100 mm Hg 
"and to reduce the force of left ventricular contraction. 
- Operations to repair the dissected ascending thoracic 
_ aorta were performed in Patients 1 to 5 between 16 
; hours and 13 days after the onset of chest pain. The 
_ operations were successful in three patients (Cases 1, 
3 Sand 4). Patient 1 had recurrence of chest pain, due to 
. extension of dissection, 6 weeks after replacement of the 
^ - ascending aorta. This patient had replacement of the 
aortic arch with a Dacron graft utilizing total body hy- 
d .pothermia and temporary circulatory arrest. There were 
_ two operative deaths; Patient 2 died of intraperitoneal 
_ hemorrhage during abdominal exploration before repair 
_ of the thoracic aorta, and Patient 5 died of a ventricular 
_ arrhythmia the day after the insertion of Dacron grafts 


= ^ the descending and ascending thoracic aorta. Patient 


od systems, died of aortic rupture with e Pa 
- tamponade 18 days after onset of chest pain. 


Discussion 


-— Clinical diagnosis: Retrograde dissection of the 
| ascending thoracic aorta, with a primary tear in the 
k intima at a site distant from the aortic valve, is subject 
pe to the same lethal complications as typical type I and 
| type II dissections. This tvpe of exes occurs more 
-commonly than is generally realized, 22 although its 
- incidence is unknown. In our patients PREPARA of the 
thoracic aorta was diagnosed clinically i in light of the 
5 history of hypertension, acute chest pain without elec- 
- trocardiographic changes of myocardial infarction, the 
acute onset of aortic regurgitation and chest radiographs 
- demonstrating an enlarged aorta.*55.16.1521,4 However, 
the clinical presentation of these patients was not 
helpful in identifying the pattern and extent of aortic 
dissection. 
The extent of dissection and the site or sites of intimal 
tear were accurately demonstrated by angiographic 
findings diagnostic of dissection.2^-?9 An increased 





distance between the lumen of the aorta and the bordei 
of the mediastinum, without evidence of an intimal tear 
is not invariably a sign of aortic dissection?? but, as in 
our Case 4, it may be the only angiographic evidence of 
dissection. 27,31 Also, when radiographic contrast ma- 

terial was injected into the dissection, the aortograms 
had a characteristic appearance previously demon- 

strated by others.?®:26.28.29 In this situation, the opacified 
lumen of the dissection was not continuous with the 
aortic valve leaflets, sinuses of Valsalva or coronary 
arteries, and aortic regurgitation could not be assessed 
angiographically. 

Pattern of retrograde dissection of ascending 
aorta: Although the proximal end of an aortic dissection 
usually is the site of an intimal tear,®29 our observations 
concur with data showing the oecurrence of primary 
intimal tears at various sites along the aorta that are far 
distal to the proximal extent of dissection.3:5:7:22,28,29,32 
We observed three patterns of retrograde disseetion of 
the ascending aorta. In pattern 1, represented by Pa- 
tients 1 to 3 and 6, the intimal tear occurred i in the aortic 
arch just proximal to the innominate artery and dis- 
section extended in both a retrograde and an antero- 
grade direction. Patient 1 demonstrated that dissection 
may extend from a suture line after graft repair of the 
aorta. In pattern 2, represented by Patient 5, retrograde 
dissection extended from a tear in the intima just distal 
to the origin of the left subclavian artery. This patient 
demonstrated that acute retrograde dissection may 
originate from an intimal tear that is the proximal end 
of a chronic dissection of the descending thoracie aorta. 
This pattern of dissection is associated with an ex- 
tremely high mortality rate.?? In pattern 3, represented 
by Patient 4, an intimal tear was not demonstrated but 
was thought to be present in the aortic arch. In this case, 
the site of intimal tear may have been more dista! in the 
aorta, as found in other studies.^?? Acute or chronic 
dissection of the descending thoracic aorta was fre- 


. quently observed at the time of acute retrograde dis- 


section of the ascending aorta. As discussed later, the 
initial therapeutic approach is the same in patients with 
retrograde or anterograde dissection of the ascending 
aorta. Demonstration of the site of intimal tear may be 
useful to the surgeon, but inability to locate such a tear 
should not delay surgical therapy if dissection involves 
the ascending aorta. The most important point to de- 
termine with aortography is whether the ascending 
aorta is dissected. 

Pathogenesis: It is currently thought that dissection 
of the thoracic aorta usually begins with a tear in the 
intima and media at a site in the aorta where there is 
increased mechanical stress; then pulsatile blood flow 
at high blood pressure separates the media, which has 
been weakened by degenerative change.?46733:4 The 
degenerative alterations in the structure of the media 
that allow dissection to develop occur commonly with 
increasing age? 72^-?7; however, it is uncertain whether 
the degenerative changes associated with dissection 
involve all elements of the media or predominantly one 
histologic component of the media.?5^? In our patients, 
tears in the intima occurred where the ascending aorta 


























and aortic arch were held relatively immobile at the 
origins of the innominate and left subclavian arteries. 
The patients were more than 50 years old, and they had 
hypertension. Fragmentation of elastic laminae and 
fibrosis, without cystic medial necrosis, were the most 
striking histologic alterations in the media at the site 
of dissection. Therefore, the clinical features and 
pathologic changes of our patients were consistent with 
the current concept of the pathophysiology of dissection 
of the aorta. 

Surgical management: Immediate itoa treat- 
ment of either acute antegrade or retrograde dissection 
of the ascending aorta is recommended to prevent 
complications, particularly intrapericardial rupture of 
the aorta, which makes this situation extremely lethal. 
Antihypertensive and negative inotropic drugs should 
be used to control systemic arterial pressure and reduce 
the force of left ventricular contraction.!? In the pres- 
ence of dissection of both the ascending and descending 
thoracic aorta, the operation should focus on preventing 
the life-threatening complications that result from 
retrograde extension of dissection of the ascending 
aorta. We recommend replacement of the ascending 
aorta with a Dacron graft by a median sternotomy; even 
though there may be dissection of both the ascending 
and descending aorta, the site of intimal tear may not 
be demonstrated on aortography or the site of intimal 
tear may not be resected or both. During the acute phase 
of dissection, replacement of the ascending aorta alone 
is frequently life-saving, even though continuity of the 
aortic intima is not restored by resection of the intimal 
tear. 
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The incidence of pulmonary perfusion defects after routine cardiac 
catheterization was assessed in 57 patients by comparing ventilation 
perfusion lung scans obtained before and 1 day after catheterization 
Patients were prospectively randomized to two groups, one in which righ 
heart catheterization was performed using an antecubital venous cutdowr 
procedure and one in which the percutaneous femoral vein approach wa: 
used. Seven patients (12 percent) had new postcatheterization perfusior 
defects consistent with pulmonary emboli. These patients did not diffe 
significantly from patients without new defects in clinical characteristics 
duration of catheterization, hemodynamic variables or route of right hear 
catheterization. The data suggest that pulmonary embolism may be a more 
common complication of routine cardiac catheterization than previously 
appreciated. 


Clinical experience suggests that symptomatic acute pulmonary em 
bolism is an infrequent complication of routine cardiac catheterization 
The cooperative study on cardiac catheterization! noted only 11 in 
stances of pulmonary embolism with infarction in a total of 12,367 pro 
cedures performed in the participating laboratories from 1963 to 1965 
Subsequent reports?-? dealing with the hazards of coronary arteriogra 
phy did not include pulmonary embolism as a complication. The rarity 
of reported pulmonary embolism is surprising because several factor: 
associated with routine catheterization might predispose to venou: 
thrombosis. These include venous catheterization, temporary venou: 
obstruction due to manual groin compression or compression from ; 
sandbag, and extended periods of bed rest after catheterization. Addi 
tionally, some patients have congestive heart failure or a history of sa 
phenous vein excision for coronary bypass operations. 

The recent observation in our institution of several patients witl 
symptomatic pulmonary embolism after routine cardiac catheterizatiot 
prompted this study. We sought to determine the incidence of botl 
symptomatic and asymptomatic pulmonary embolism after routine righ 
and left heart catheterization by comparing precatheterization venti 
lation-perfusion lung scans with those obtained 1 day after catheter 
ization. We also attempted to assess the influence of the route of righ 
heart catheterization and any clinical or hemodynamic factors on tht 
relative incidence of pulmonary embolism. 


Material and Methods 


Any patient undergoing routine right and left heart catheterization with oi 
without coronary arteriography during an 8 month period in 1976 and 1977 wa: 
considered eligible for the study. After obtaining informed written consent, we 
prospectively evaluated 57 patients in the following manner (Fig. 1): 

Ventilation-perfusion lung scans: All patients had complete radionuclide 
ventilation and perfusion studies performed the day before and the day aftei 
cardiac catheterization. The ventilation study was performed using a conven: 
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STUDY DESIGN 










PATIENTS SCHEDULED FOR R AND L HEART CATH 
WHO HAD NONE OF THE FOLLOWING: 

1) PRIOR THROMBOEMBOLISM 

2) RECENT THROMBOPHLEBITIS 

3) SIGNIFICANT PARENCHYMAL LUNG DISEASE 

4) CURRENTLY ON ANTICOAGULANTS 


VO LUNG SCAN WITHIN 
24 HRS BEFORE CATH 


RANDOMIZATION 
R HEART CATH VIA 
ANTECUBITAL CUTDOWN 


L HEART CATH VIA PERCUTANEOUS 
FEMORAL ROUTE 




















R HEART CATH VIA 
PERCUTANEOUS FEMORAL ROUTE 





BED REST FOR 18-24 HRS 
5 POUND SANDBAG ON GROIN 
FOR FIRST 4 HOURS 





REPEAT #0 LUNG SCAN ON 
MORNING FOLLOWING CATH 


FIGURE 1. Flow diagram of stucy protocol. CATH = cardiac catheter- 


ization; L = left, R = right, VQ = ventilation-perfusion. 


tional 9 liter spirometer containing 10 mCi of xenon-133. Ten 
second gamma camera images were obtained during the initial 
60 seconds of xenon inhalation (wash-in phase), which was 
followed by a 5 minute equilibration period. Subsequently the 
patient breathed into a xenon exhaust system (washout phase) 
and had sequential 10 second images produced in order to 
detect areas of xenon retention. The patient then received 4 
mCi of technetium-99m-labeled macroaggregated serum al- 
bumin intravenously and had gamma camera perfusion im- 
ages in the anterior, posterior and both lateral projections. 
Each pre- and postcatheterization ventilation-perfusion scan 
was interpreted individually by two physicians experienced 
in nuclear medicine who had no knowledge of the site of right 
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heart catheterization, the temporal relation to catheterization 
or any clinical features. 

Cardiac catheterization: On the patients' arrival at the 
catheterization laboratory, they were randomly assigned to 
right heart catheterization using either the percutaneous 
femoral vein or antecubital venous cutdown method. Right 
heart catheterization was performed using either a no. 7F 
Swan-Ganz flow-directed catheter (Edwards Laboratories) 
or a no. 7F Goodale-Lubin catheter (U. S. Catheter and In- 
strument Corp.). When the femoral vein approach was em- 
ployed, a Teflon? catheter introducer (Universal Medical 
Instrument Corp.) was used and the sheath withdrawn before 
left heart catheterization. All left heart catheterizations were 
performed using the percutaneous femoral arterial approach 
with preformed angiographic catheters.? Heparin was given 
at the time of arterial catheterization in all but one case. 
Pressures were measured with a Statham P23ID strain gauge 
with a reference level 10 cm above the table top and were re- 
corded on a photographic recorder (Electronics for Medicine 
DR-8). Cardiac output was measured using the Fick princi- 
ple.? After removal of all catheters, manual compression of the 
femoral artery—and femoral vein if right heart catheterization 
was performed by this route— was carried out for a minimum 
of 15 minutes. Each patient was then confined to comp!ete bed 
rest until the following morning. A 2.25 kg sandbag was placed 
on the groin for 4 hours after catheterization. 

Exclusions: Any patient who had any of the follow:ng was 
excluded: (1) previous history of pulmonary thromboembo- 
lism; (2) recent deep vein thrombosis; (3) anticoagulant 
therapy prior to catheterization; (4) need for saphenous vein 
cutdown; (5) any contraindication to performing a right heart 
catheterization from either the femoral or antecubital venous 
route; (6) chronic obstructive lung disease, parenchymal lung 
disease or pleural effusion of sufficient severity to prevent 
ventilation-perfusion lung scanning of diagnostic quality. 

Data analysis: Patients demonstrating new perfusion de- 
fects without accompanying ventilation defects were com- 
pared with those whose postcatheterization scans showed no 
change. Results were analyzed to evaluate the influence of the 
route of right heart catheterization, the duration of cathe- 
terization, hemodynamic variables, cardiovascular diagnosis, 
the presence of congestive heart failure and a history of sa- 
phenous vein bypass graft surgery. Student's t test was used 
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FIGURE 2. Precatheterization (top 
row) and postcatheterization (bot- 
tom row) perfusion lung scans in 
four views demonstrating new de- 
fects in the right upper and middle 
lobes and the left base (white ar- 
rows). The xenon-133 ventilation 
scan was unchanged in this patient. 
ANT. — anterior; L. LAT. — left lat- 
eral; POST. — posterior; R. LAT. — 
right lateral; 99mTc-MAA = tech- 
netium-99m-labeled macroaggre- 
gated serum albumin. 
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to assess differences between means of independent obser- 
vations, and chi square contingency table analysis was used 
to assess differences between proportions. 

Treatment: Only patients with new perfusion defects who 
exhibited evidence of pulmonary infarction such as pleuritic 
chest pain, dyspnea or hemodynamic deterioration were 
considered candidates for heparin therapy. 


Results 


Of the 57 patients who were evaluated, 7 (12 percent) 
demonstrated new perfusion defects without a compa- 
rable ventilation abhormality in the postcatheterization 
lung scan. An example of a patient with multiple new 
defects is shown in Figure 2. 


TABLE | 
Study Population 
Postcatheterization 
Perfusion Defect 
Absent Present P 
Number of patients 50 7 
Sex 
Male 45 6 
Female 5 1 NS 
Age (yr)* 52.4 t 8.2 56.34 4.4 NS 
Weight (kg)* 79.8 t 11.0 75.4 i 13.7 NS 
Recent myocardial 
infarction 3 0 NS 
History of congestive 
heart failure 5 0 NS 
Previous saphenous vein 
bypass surgery 17 2 NS 
Diagnosis 
Coronary artery disease 43 7 NS 
Valvular heart disease 4 0 NS 
Congenital heart disease 1 0 NS 
Normal 2 0 NS 


* Mean + standard deviation. 
NS = not significant; P = probability. 


TABLE |I 
Cardiac Catheterization Data 


Postcatheterization 
Perfusion Defect 


Absent Present P 
Number 50 7 
Duration of 
catheterization (hr) 
Less than 1 14 2 
1-15 29 4 
15-2 5 1 
2-3 2 0 NS 
Heparinized during 49 7 NS 
catheterization 
Mean dose (units) . 2500 2500 NS 
Hemodynamic data : 
Pressures (mm Hg) 
Mean right atrial 3 4 NS 
Pulmonary arterial 22/8 21/9 NS 
Pulmonary capillary 7 6 NS 
wedge 
Left ventricular 120/8 136/8 NS 
Ejection fraction* 0.54 + 0.09 0.57 + 0.18 NS 
Fick cardiac index 3.1 4 0.9 3.5 i 0.7 NS 


(liters/min per m?)* 


* Mean + standard deviation. 
NS = not significant; P = probability. 


Historical features: Patients with and without new 
defects did not differ significantly with regard to sex, 
age, weight, recent myocardial infarction, history of 
congestive heart failure, previous saphenous vein bypass 
surgery or cardiovascular diagnosis (Table I). | 

Catheterization data: Comparison of hemodynamic 
data, duration of catheterization and heparin dosage 
revealed no significant differences in the two groups 
(Table II). All 7 patients with new perfusion defects and 
49 of 50 patients without defects received 1,250 to 5,00€ 
units (mean 2,500 units) of intravenous heparin sulfate 
before left heart catheterization. 

Route of right heart catheterization: Comparison 
of patients undergoing right heart catheterization from 
the antecubital versus femoral venous routes revealed 
no significant difference in historical characteristics ot 
hemodynamic data. The two groups did not differ sig- 
nificantly in incidence of positive postcatheterization 
lung scans (Table III). 

No patient was symptomatic; therefore none of the 
seven patients with new perfusion defects received 
specific treatment. 


Discussion 


The possible complications of cardiac catheterizatior 
and coronary arteriography have previously been re- 
ported. However, postcatheterization pulmonary em- 
bolism has rarely been included as a recognized com- 
plication. Our experience in an 18 month period with 
three patients who had typical acute pulmonary em: 
bolism with infarction temporally related to cardiac 
catheterization prompted the present study. 

Although we did not perform pulmonary arteriogra- 
phy in any of our patients, we believe that the ventila- 
tion-perfusion scan abnormalities seen in the post- 
catheterization period are strongly suggestive of pul. 
monary emboli. Despite recent controversy!? regarding 


TABLE Ill 


Patient Profile According to Route of Right Heart 
Catheterization 


Antecubital Fossa Groin P 
Number 25 32 NS 
Age* 53.243 7.4 52.6+ 8.4 NS 
Weight (kg)* 78.8 + 10.6 79.5 12.6 NS 
Positive postcatheter- 2(896) 5(1696) NS 
.. ization lung scan 
History of congestive heart 1 4 NS 
failure | 
Previous saphenous vein 9 10 NS 
bypass surgery 
Hemodynamic data: 

Pressures (mm Hg) | 
Mean right atrial 3 4 NS 
Pulmonary arterial 22/8 22/8 NS 
Pulmonary capillary 6 7 NS 

wedge ; 
Left ventricular 115/8 127/8 © NS 
Ejection fraction* 0.55 + 0.09 0.55 + 0.11 NS 
Fick cardiac index 3.2 3x: 1.0 3.123 0.9. NS 


(liters/min per m?)* 


* Mean + standard deviation. 
NS = not significant; P = probability. 







E portance « scan in patients 


ed ted of "having pulmonary embolism, several 


tudy, not only were the scans compatible with pulmo- 
n: : ry emobli, but also in each case the areas of ventila- 
tio) 1-pi perfusion mismatch were not present in the pre- 
-catheterization scan. 
m . Pathogenetic factors: The source of emboli was not 

- determined in our group of patients. There was no sig- 
$ nificant difference in the incidence of new perfusion 
efects between patients undergoing right heart cath- 
et terization from the femoral venous route and with 
- those studied from the antecubital fossa, although there 
. was a trend toward a greater incidence in the former. We 
fe eonsi lered the possibility that the perfusion defects 
could have been produced directly by the pulmonary 
carte rterial catheter as a result of thrombus formation and 
. eml bolization from the catheter tip or from prolonged 
| oc clusion of a pulmonary artery.!6.!? These explanations 
b (see n unlikely in view of the brief duration of right heart 
| itheterization and the occurrence, in some patients, 
o | f the perfusion defect in the lung opposite the side of 
. pulr nonary arterial catheterization. We further con- 
| - Sic lered the possible influence of venous thrombosis as 
a result of femoral vein compression after performance 
- of right heart catheterization from the groin or inad- 
pst NC. E 
.. vertent femoral vein occlusion during femoral arterial 
b fereesion when right heart catheterization was 
rformed from the arm. The effect of placing a sandbag 
nt e groin for 4 hours in the postcatheterization period 
. anc | the 18 to 24 hour period of bed rest before the 
gt. (cope lung scan are also potentially im- 
portant factors. Further study is required to assess the 
rele tive importance of these features of the catheter- 
ation procedure. 
" E Implications: 'There was a 12 percent incidence rate 
new perfusion defects compatible with pulmonary 
^ Bop evident i in ventilation-perfusion lung scans after 
NC outine right and left heart catheterization in our group 
. ofp atients. A specific source for these emboli could not 
-. be determined. Although none of our patients were 
E par 
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of patients and ihe hy source of emi boli Dad en 
apparent in our study. Further investigation apps 
warranted to clarify these questions. 
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Appendix 


An unpublished pilot study of 82 patients in whom w 
performed cardiac catheterization revealed a 16 percent ir 
cidence rate of new perfusion defects when precatheterizatio 
lung scans were compared with those obtained the day afte 
catheterization, an incidence rate similar to that obtained i 
the current prospective randomized study. Of these 82 pe 
tients, 66 were studied according to a separate metabolic re 
search protocol that included right and left heart cathete: 
izations, coronary sinus catheterization, and coronary and lel 
ventricular angiography. In general, the duration of cathe 
terization was substantially longer than in the other 16 pe 
tients who underwent conventional catheterizations. Twelv 
of the 66 patients (18 percent) undergoing research cathe 
terizations subsequently demonstrated new perfusion defect: 
1 of the 16 patients (6 percent) undergoing clinical diagnosti 
catheterization showed new defects. The group having th 
greatest incidence of new perfusion defects, four of six pa 
tients, had arterial catheters placed in both femoral arterie 
and venous catheters in both antecubital veins. 

These pilot studies were not performed in the same rigidl 
controlled manner used in the later prospectively randomize 
series. Specifically, the route of both right and left hear 
catheterization was not uniform nor was it randomly deter 
mined, the average duration of both studies was considerabl 
longer than conventional catheterization, thetiming of pre 
and postcatheterization lung s scans was not standardized, an 
data were not recorded in as detailed a manner. 
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.. for them, and for you. 


Lopressor 


metoprolol tartrate 


Does not interfere with sex life of 
patients. 


Lopressor usually does not cause 
impotence or loss of libido, 
complaints which many male patients 
encounter with sympathetic inhibitors, 
but which they may be reluctant to 
discuss with their physicians. 


Rarely causes daytime sedation or 
postural hypotension. 


Most of the side effects that have 
occurred with Lopressor are mild 

and transient. For example, tiredness 
and dizziness occur in about 10% of 
patients; depression, diarrhea in about 
5%. Lopressor is contraindicated in 
sinus bradycardia, heart block greater 
than first degree, cardiogenic shock, 
and overt heart failure. 


Easy to take twice-a-day dosage. 


Patients will also appreciate the 
easy-to-remember b.i.d. dosage of 
Lopressor. Since D.i.d. dosage is 
known to encourage patient 
adherence, this is another way that 
Lopressor improves your chances for 
long-term therapeutic success. 


Significantly reduces blood 
pressure when added to a diuretic. 


Lopressor causec a significant fall in 
blood pressure when given to 
patients already receiving a diuretic. 
Investigators reporting in the British 
Journal of Pharmacology concluded 
that ‘Metoprolol in combination with 
chlorthalidone appears to be an 
effective and well-tolerated treatment 
for mild and moderate hypertension 
in those patients not responding to 
chlorthalidone alone.” * 


... the relatively 
selective 
beta blocker 
for hypertensic 


Treatment Period 





Placebo + Metoprolol + 
chlorthalidone chlorthalidone 
one month 
Systolic BP (mmHg) 
158+4 supine 142+4 
16025 Standing 147+3 
Diastolic BP (mmHg) 
yore supine 871 
1022 standing 94+] 
two months 
Systolic BP (mmHg) 
159+4 supine 146+4 
159+4 Standing 147+4 
Diastolic BP (mmHg) 
96+2 supine 892-1 
190127 standing 95-1 
three months 
Systolic BP (mmHg) 

15825 Supine 148+3 
159+4 Standing 149+3 
Diastolic BP(mmHg) 
oi =2 Supine o7 1 
wis Standing 93-1 


Works primarily where it should... 
not where it shouldn't. 


Lopressor is the only relatively 
selective beta blocker available in 
the United States. Unlike the first 
generation beta blocker, propranolol, 
which is nonselective, Lopressor 

has a preferential effect on beta 
receptors involved in lowering blood 
pressure. It nas less effect on beta 
receptors that do not relate to 
antihypertensive mechanisms 


Please see last page of this 
advertisement for brief summary 
of prescribing information. 


* Jaattelà A, Pyóràla K: A controlled study on 
the antihypertensive effect of a new B- 
adrenergic receptor blocking drug, meto- 
prolol, in combination with chlorthalidone 
Br J Pharmacol 3:655-660, 1976. 
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Lopressor” An antihypertensi 
brand of beta-t «ing ag 
metoprolol tartrate 
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Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor, brand of metoprolol tartrate, 
may be used with caution in patients with bron- 
chospastic disease who do not respond to, or 
cannot tolerate, other antihypertensive treat- 
ment. Since beta, selectivity is not absolute, a 
beta, -stimulating agent should be administered 
concomitantly and the lowest possible dose of 
metoprolol should be used. It may be prudent 
initially to administer metoprolol in three doses 
daily, instead of two, to avoid the higher plasma 
levels associated with the longer dosing inter- 
val. (See Dosage and Administration.) 
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Central Nervous System: Tiredness and 
have occurred in about 10 of 100 patients 


d T "ar (C tale = : 
Or was reported about 5 of 100 pal ents 
meeaacne jhtmares, and insomnia have alst 
been reported but drug relationship is not clear 


Cardiovascular: Shortness of breath and 


bradycardia have occu | in approximately 3 of 
100 patients. Cold extremiti« Raynaud's disease 
palpitations and congestive heart failure have bee 


reported. See Contraindications, Warnings, a 
Precautions. 


Respiratory: Wheezing | | asm) ha 

reported in less than 1 of 100 patients. See 

Warnings. 
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Accepted Concepts in Angina Therapy 


= Nitrates are the first line of defense 
against angina pectoris. 


= The therapeutic goal of oral nitrate 


therapy is an angina-free patient. 


= Titration of dosage is often necessary 
to reach a pain-free state. 





to prevent anginal attacks’ 


ISORDIL TITRADOS 


(ISOSORBIDE DINITRATE )(E.Z. SPLIT") Oral Tablets: 20 mg, 10 mg, and 5 mg 














Titradose tablets make exact dosage adjustment con- 
venient—even for elderly patients or those with arthritis 
or other disabling disorders. Only Isordil is available 
in Titradose. 






* Indications: Based on a review of this drug by the National Academy of Sciences— 

deg Research Council and/or other information, FDA has classified the indications 
as follows: 
"Possibly" effective: When taken by the oral route, Isordil is indicated for the relief of 
angina pectoris (pain of coronary artery disease). It is not intended to abort the acute 
anginal episode, but is widely regarded as useful in the prophylactic treatment of 
angina pectoris. 

Final classification of the less-than-effective indications requires further investigation. 











Just a press of €— M fe? to vs drug. ; Tee s : 

i i arnings: Data supporting the use of nitrites during the early days of the acute phase o 

a finger splits vocandi infarction (the period during which clinical and laboratory findings are unstable) 
the tablet are insufficient to establish safety. 

. Precautions: Tolerance to this drug and cross-tolerance to other nitrites and nitrates may occur. 

easily and Adverse Reactions: Cutaneous vasodilation with flushing. Headache is common and may 

| be severe and persistent. Transient episodes of dizziness and weakness as well as other 

eveniy. signs of cerebral ischemia associated with postural hypotension may occasionally develop. 


This drug can act as a physiological antagonist to norepinephrine, acetylcholine, histamine, 
and many other agents. An occasional individual exhibits marked sensitivity to the hypoten- | 
sive effects of nitrite, and severe responses (nausea, vomiting, weakness, restlessness, 
pallor, perspiration and collapse) can occur even with the e therapeutic dose. Alcohol 
may enhance this effect. Ug ron and/or exfoliative dermatitis may occasionally occur 
Dosage: The range is 5 mg to 30 mg q.i.d., with the usual dosage being 10 mg to 20 mg q.i.d. 
Consult direction circular before prescribing. 

May we send youreprints, detailed informationand/or professional samples? 
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Ohio-Nuclear’s Sigma 420/VIP-55( 
. mobile camera and nuclear medicine 
- computer. The software is 
| designed for nuclear cardioloay 
- as well as general nuclear 
- medicine. It images, analyzes, ' 
. displays and moves almost anywher 
- Correlation of the VIP-5505 cardiac 
- software with ner 


- has been proven in the 


CCU, ICU, ER and 
in the Stress Lab. 


ohio- nuclear, inc. 
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29100 Aurora Road, Solon, Ohio 44139 

Phone: (216) 248-1800 

TWX No. 810-427-2696 


The Tradition 
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5 Video persistence scope: 
«1 "A More reliable. Improved contrast. 
Less service expense. 
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14” crystal: Improved resolu- p 
tion for low energies. 


Square hole collimators: 
Improved sensitivity. Improved 
resolution. 
















Four user interactive controls: Variable ' 
gray scale and nondestructive. (1) Backa 
ground subtraction. (2) Contrast enhance-? 
ment. (3) Movie mode display rate.” 

(4) Region of interest size control. : 


Standard 5" video monitor: Displays | 
command sequence of patient images and © 
wall motion studies. Continuous gray 







Interpolative for images. | 
video: Visually — | 
improves low E 
resolution Joystick: Makes setting regions of ” 


images. interest easy. ' 


ECG isolator: Eliminates complex | 
external gate. 1 


4 
* 


Flexible discs: 2.4 megabytes | 
of storage capacity. 30 frames/ : 
second maximum frame rate for © 
first transit studies. Practical | 
archival storage. Rapid random: 
access to patient studies, BASIC 
program files and macro proto- | 
cols. Easy method of upgrading: 
software. 


f 


Clinical protocols: First transit 
ejection fraction. Cerebral blood 
flow. Shunt evaluation. Effective 


renal plasma flow. 
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Introducing a unique 
new antiarrhythmic 


for the crisis of 
ventricular fibrillation 


BRETYLOL 


(bretylium tosylate) 


m m eee 
ee Ge c i SER Pome | Iu e 
' ERI HIE | iu ug TE 
A AX LS 3 xad -— Trj ECT xl xut can PAN HE 
a Ae qe SES Ss T 


fe Eq B SOME HDD saat ERE 
£5] = pero 7 T 
| EU fe on HESS ae bdsm tede es ded s 


Not meant to imply time relationship BRETYLOL' (bretylium tosylate) is indicated in the treat- 
Pear egerat of Bretylol ment of life-threatening ventricular arrhythmias, princi- 
eer pally ventricular fibrillation and ventricular tachycardia, 


that have failed to respond to first-line therapy. 


3 ETYLO ium | At present, Bretylol should not be idered a first- | 
late line antiarrhythmic agent. Use of AN, should be 
limited to facilities where equipment for constant 

monitoring of arrhythmias is available. i 
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BRETYLOL: in ventricular fibrillation 
In reported clinical situations, BRETYLOL® (bretylium 


T . tosylate) was effective in conjunction with electrical cardio- 


version, even in patients refractory to other antiarrhythmic 
therapies. BRETYLOL raised the ventricular fibrillation 


. threshold in animal studies. Suppression of ventricular 


fibrillation usually occurs within minutes following intra- 
venous administration, the effect generally lasting 6 to 8 
hours. 


K e » BRETYLOL: in ventricular tachycardia 


- Inclinical studies, BRETYLOL was effective in the manage- 
. ment of ventricular tachycardia and other ventricular ec- 
= topic rhythms, even those recurrent and refractory to 

= existing antiarrhythmic therapies. Clinical benefits can 


— usually be observed 20 minutes or more following paren- 
. teral administration with duration of action 6 to 8 hours. 


E —. BRETYLOL: effects on cardiac function 


Unlike other antiarrhythmic drugs, BRETYLOL has dem- 
onstrated (in animal studies) a positive inotropic effect on 
the myocardium and did not significantly decrease A-V 
conductivity. In man, BRETYLOL generally did not depress 
myocardial function and maintained cardiac output. These 
effects may be due to release of norepinephrine from 
nerve terminals, potentiation of the effects of endogenous 
catecholamines and/or a direct action on the myocardium. 


BRETYLOL: contraindications/adverse reactions 

There are no contraindications for BRETYLOL in the 
treatment of ventricular fibrillation or life-threatening 
refractory ventricular arrhythmias. 

The principal adverse reaction is hypotension, usually 
postural. This is due to reduction of peripheral vascular 
sympathetic tone, not to depression of myocardial function. 

Due to the initial release of norepinephrine from the 
adrenergic postganglionic terminals, there may be initial 
transient increases in blood pressure, heart rate and/or 







PVC's. These generally return promptly to preadminist 
tion levels. | ; 

Nausea and vomiting can usually be obviated by t 
slow intravenous administration of a dilute solution 
BRETYLOL. 

For a full description of adverse reactions, please re 
to the complete prescribing information on the last pa 
of this advertisement. 

Bretylol Clinical Studies 


Holder, D.A., Sniderman, A.D., Fraser, D.G. and Fallen, E. Experience vw 
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and Glick, G. Response of resistant ventricular tachycardia to bretylit 
Circulation. 47:331-340, 1973. (Reference No. 3) 
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J.S. Cardiovascular effects of bretylium tosylate in acute myocar 
infarction. JAMA. 223:757-760, 1973. (Reference No. 5) 
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IETYLOL INJECTION 

INTRAMUSCULAR OR INTRAVENOUS USE 

. 

'RIPTION 

YLOL (bretylium tosylate! is o-Bromobenzy! ethyldimethylammonium 


ene sulfonate. The chemical structure is: 


CH3 + 22 
i 
CH2—N- C3H s LO 
CHa 


Mol Wt. 414.39 





loaBrN 03S 


+ 
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YLOL is a white, crystalline powder with an extremely bitter taste. It is 
soluble in water and alcohol. Each mi of sterile, pyrogen-free solution 
s 50 mg bretylium tosylate in Water for Injection, USP. The pH is 
, when necessary, with dilute hydrochloric acid or sodium hydroxide. 
YLOL contains no preservative. 


IICAL PHARMACOLOGY 

"YLOL (bretylium tosylate) is a bromobenzy! quaternary ammonium com- 
1 which selectively accumutates in sympathetic ganglia and their post- 

ionic adrenergic neurons where it inhibits norepinephrine release by 
issing adrenergic nerve terminal excitability. 

IETYLOL also suppresses ventricular fibrillation and ventricular ar- 

mias. The mechanisms of the antifibrillatory and antiarrhythmic actions 
3ETYLOL are not established. In efforts to define these mechanisms, 

ollowing electrophysiologic actions of BRETYLOL have been demon- 

3d in animal experiments: 


crease in ventricular fibrillation threshold. 


crease in action potential duration and effective refractory period without 
ges in heart rate. 


ttle effect on the rate of rise or amplitude of the cardiac action potential 
se 0) or in resting membrane potential (Phase 4) in normal myocardium. 
wer, when cell injury slows the rate of rise, decreases amplitude, and 
ts resting membrane potential, BRETYLOL restores these parameters 
rd normal. 

crease in impulse tormation and spontaneous firing rate of pacemaker 
e as well as increased ventricular induction velocity. 


restoration of injured myocardial cell electrophysiology toward normal, 
(Prescribing Information continued below) 
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In various 
life have varied from about-5 to about 10 hours, with an even wider range in 
individual subjects (4 to 17 hours). Whether this true intrapatient 
variability or limitations of methodology remains to be determined. 


Effect on Heart Rate: There is sometimes an initial small increase in heart 
rate when BRETYLOL is administered, but this is an inconsistent and tran- 
Sient occurrence. 


Hemodynamic Effects: Following intravenous administration of 5 mg/kg of 
BRETYLOL to patients with acute myocardial infarction, there was a mild 
increase in arterial pressure, followed by a modest decrease, remaining 
within normal limits throughout. Pulmonary artery pressures, pulmonary cap- 
illary wedge pressure, right atrial pressure, cardiac index, stroke volume 
index, and stroke work index were not significantly changed. These hemody- 
namic effects were not correlated with antiarrhythmic activity. 


Onset of Action: Suppression of ventricular fibrillation is rapid, usually 
occurring within minutes following intravenous administration. Suppression 
of ventricular tachycardia and other ventricular arrhythmias develops more 
slowly, usually 20 minutes to 2 hours after parenteral administration. 


INDICATIONS 

BRETYLOL is indicated in the treatment of life-threatening ventricular ar- 
rhythmias, principally ventricular fibrillation and ventricular tachycardia, that 
have failed to respond to adéquate doses of a first-line antiarrhythmic agent, 
such as lidocaine or procainamide. At this time, BRETYLOL should not be 
considered a first-line antiarrhythmic agent. 

Use of BRETYLOL should be limited to intensive care units, coronary 
care units or other facilities where equipment and personnel for constant 
monitoring of cardiac arrhythmias and blood pressure are available. 

Following injection of BRETYLOL there may be a delay of 20 minutes to 2 
hours in the onset of antiarrhythmic action, although it appears to act within 
minutes in ventricular fibrillation. The delay in effect appears to be longer 
after intramuscular than after intravenous injection. 
CONTRAINDICATIONS 
There are no contraindications to use in treatment of ventricular fibrillation 
or life-threatening refractory ventricular arrhythmias. 


WARNINGS 

1. Hypotension: Administration of BRETYLOL regularly results in postural 
hypotension, subjectively recognized by dizziness, light-headedness, vertigo 
or faintness. Some degree of hypotension is present in about 50% of patients 
while they are supine. Hypotension may occur at doses lower than those 
needed to suppress arrhythmias. 


Patients should be kept in the supine position until tolerance to the 
hypotensive effect of BRETYLOL develops. Tolerance occurs unpredict- 
ably but may be present after several days. 


Hypotension with supine systolic pressure greater than 75 mm Hg need not 


.be treated unless there are associated symptoms. If supine systolic pressure 


falls below 75 mm Hg, an infusion of dopamine or norepinephrine may be 
used to raise blood pressure. When catecholamines are administered, a 
dilute solution should be employed and blood pressure monitored closely 
because the pressor effects of the catecholamines are enhanced by 
BRETYLOL. Volume expansion with blood or plasma and correction of dehy- 
dration should be carried out where appropriate. 


2. Transient Hypertension and Increased Frequency of Arrhythmias: 
Due to the initial release of norepinephrine from adrenergic postganglionic 
nerve terminals by BRETYLOL, transient hypertension or increased frequency 
of premature ventricular contractions and other arrhythmias may occur in 
some patients. 

(Prescribing information continued below) 
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2. Use Various Shios fo intramuscuiar inaction: Ye in stion - 
sites should be varied since repeated intramuscular n into the same 


vie mi MEA caig 6 TOORA asar 
degeneration and inflammatory changes. e M 
3. Reduce Dosage in Impaired Renal Function: Since BRETYLOL is 
excreted principally via the kidney, dosage should be reduced in pa 
with impaired renal function. 


ADVERSE REACTIONS : 
Hypotension and postural hypotension have been the most frequently n su 
ported adverse reactions (see Warnings section) Nausea and WD 
curred in about three percent of patients, primarily when BRETYLOL was 
administered rapidly by the intravenous route (see Precautions section). 
Vertigo, dizziness, light-headedness and syncope, which sometimes re 
panied postural hypotension, were reported in about 7 patients in 1000. - Ut 
Bradycardia, increased frequency of premature ventricular contraction: p. 
transitory hypertension, initial increase in arrhythmias (see Warnings sectic " 
precipitation of anginal attacks, and sensation of substernal pressure have c 
also been reported in a small number of patients, i.e., approximately 1-4 
patients in 1000. n 
Renal dysfunction, diarrhea, abdominal pain, hiccups, erythematous oan n 
ular rash, flushing, hyperthermia, confusion, paranoid psychosis, emotional - 
lability, lethargy, generalized tenderness, anxiety, shortness of breath, dia- - 
phoresis, nasal stuffiness and mild conjunctivitis, have been r wed ir = 4 
about 1 patient in 1000. The — t of BRETYLOL administration to ag 
these reactions has not been clearly establ ey a 


DOSAGE AND ADMINISTRATION fa 
BRETYLOL is to be used clinically only for treatment of Wesen 
ventricular arrhythmias under constant electrocardiographic monitoring. m. 
there is a delay in onset of its antiarrhythmic action, BRETYLOL is mot to be tE 
considered or used as a replacement for rapidly-acting antiarrhythmic - 
currently in use. The clinical use of BRETYLOL is for short-term use only. - 
Patients should either be kept supine during the -— of BRETYLOL Wes 
apy or be closely observed for postural hypotension. The optimal dose sched- - E 
ule for parenteral administration of BRETYLOL has not been determined. — 
There is comparatively little experience with dro eol ee than m 
30 mg/kg/day, although such doses have been used ad 
verse effects. The following schedule is suggested: 
A. For Immediately Life-threatening Ventricular Arrhythmia, as 
Ventricular Fibrillation: Administer undiluted BRETYLOL at a dosane a M. 
5 mg/kg of body weight by rapid intravenous injection. Other usual vE 
pulmonary resuscitative procedures, including electrical cardioversion, s 
be employed prior to and following the injection in accordance with ood medal 
practice. If ventricular fibrillation persists, the dosage may be increased to 10 
mg/kg and repeated at 15 to 30 minute intervals until a total dose of papan a 
du S) ni/RU UON ene a M For maintenance dosage, See — 
ow ' 
B. Other Ventricular Arrhythmias: 
1. Intravenous Use: BRETYLOL must be diluted as follows before 
intravenous administration: Using aseptic technique, dilute contents o s 
one BRETYLOL ampul (10 mi containing 500 mg bretylium Leech toa 
p 50 ml with Dextrose Injection, USP or Sodium Chloride Injec- — PS 
tion pe 
Administer the diluted solution at a dosage of 5 to 10 mg BRETYLOLper — 2 
kg of body weight by intravenous infusion over a period greater than 8 min- — 


(Prescribing Information continued below) i 
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ell as the increase of the action potential duration and effective refractory 
d without changing their ratio to each other, may be important factors in 
ressing re-entry of aberrant impulses and decreasing induced dispersion 
cal excitable states. 

RETYLOL induces a chemical sympathectomy-like state which resem- 
a surgical sympathectomy. Catecholamine stores are not depleted by 
TYLOL, but catecholamine effects on the myocardium and on peripheral 
ular resistance are often seen shortly atter administration because 
TYLOL causes an early release of norepinephrine trom the adrenergic 
ganglionic nerve terminals. Subsequently, BRETYLOL blocks the re- 
2 of norepinephrine in response to neuron stimulation. Peripheral ad- 
tgic blockade regularly causes orthostatic hypotension but has less 
:t on supine blood pressure. The relationship of adrenergic blockade to 
intifibrillatory and antiarrhythmic actions of BRETYLOL is not clear. In a 
y in patients with frequent ventricular premature beats, peak plasma 
entration of BRETYLOL and peak hypotensive effects were seen within 
hour of intramuscular administration, presumably reflecting adrenergic 
onal blockade. However, suppression of premature ventricular beats was 
naximal until 6-9 hours after dosing, when mean plasma concentration 
declined to less than one-half of peak level. This suggests a slower 
hanism, other than neuronal blockade, was involved in suppression of 
arrhythmia. On the other hand, antifibrillatory effects can be seen within 
ites of an intravenous injection, suggesting that the effect on the 
cardium may occur quite rapidly. 

RETYLOL has a positive inotropic effect or the myocardium, but it is 
= whether this effect is direct or is mediated by catecholamine 


E is eliminated intact by the kidneys. No metabolites have been 








3. Caution During Use with Digitalis Glycosides: The initial release of 
norepinephrine caused by BRETYLOL may aggravate digitalis toxicity. When 
a life-threatening cardiac arrhythmia occurs in a digitalized patient, 
BRETYLOL should be used only if the etiology of the arrhythmia does not 
appear to be digitalis toxicity and other antiarrhythmic drugs are not effec- 
tive. Simultaneous initiation of therapy with digitalis glycosides 
and BRETYLOL should be avoided. 


4. Patients with Fixed Cardiac Output: In patients with fixed cardiac 
output (ie. severe aortic stenosis or severe pulmonary hypertension) 
BRETYLOL should be avoided since severe hypotension may result from a 
fall in peripheral resistance without a compensatory increase in cardiac 
output. If survival is threatened by the arrhythmia, BRETYLOL may be used 
but vasoconstrictive catecholamines should be given promptly if severe 
hypotension occurs. 

USE IN PREGNANCY 

The safety of BRETYLOL in human pregnancy has not been established. 
However, as the drug is intended for use only in life-threatening situations, it 
may be used in pregnant women when its benefits outweigh the potential 
risk to the fetus. 


USE IN CHILDREN 


The safety and efficacy of this drug in children has not been established. 


BRETYLOL has been administered to a limited number of pediatric patients, 
but such use has been inadequate to define fully proper dosage and limita- 
tions for usa. 


——— 

1. Dilution for intravenous Use: BRETYLOL should be diluted (one part 
BRETYLOL with four parts of Dextrose Injection, USP or Sodium Chloride 
Injection, USP) prior to intravenous use. Rapid intravenous administration 
may Cause severe nausea and vomiting. Therefore, the diluted solution should 
be infused over a period greater than 8 minutes. In treating existing wie: 





Cy 


utes. More rapid infusion may cause nausea and vomiting. A second dose - b 
may be given in 1 to 2 hours if the arrhythmia persists. T!" 


2. For Intramuscular Injection: (Do not dilute BRETYLOL prior to intra- — 
muscular injection.) Inject 5 to 10 mg BRETYLOL per kg of body weight. mie 4 
Dosage may be repeated in 1 to 2 hours if the arrhythmia persists. There- $ 
after maintain with same dosage every 6 to 8 hours. - "ud 


intramuscular injection should not be made directly into or near a major — 
nerve, and the site of injection should be varied on repeated injection. Me 
C. Maintenance Dosage: The diluted BRETYLOL solution may be admin- — 
istered by intermittent bolus intusion or by constant infusion. *- 


1. Intermittent Infusion: infuse the diluted solution at a dosage of 5to 10 = 
mg BRETYLOL per kg body weight, over a period greater than 8 minutes, — — 


every 6 hours. More rapid infusion may cause nausea and vomiting. ^n. 
2. Constant Infusion: Infuse the diluted solution at a dosage of 1 to 2 mg —  — 
BRETYLOL per minute. L^ 


Dosage of BRETYLOL should be reduced and discontinued in 3 to 5 days — — 
under electrocardiographic monitoring. Other appropriate antiar- D. 
rhythmic agents should be substituted, if indicated. D. 
HOW SUPPLIED - 
NDC 0094-0012-10: 10 mi ampul containing 500 mg bretyium tosylate in "- 
Water for Injection, USP. pH adjusted, when necessary, with dilute hydro- — 
chloric acid or sodium hydroxide. Sterile, pyrogen-free. Juy1978 — — 
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Chung: EXERCISE ELECTROCARDIOG- 
RAPHY: Practical Approach Every aspect of 
exercise electrocardiography pertinent to 
the diagnosis and management of the car- 
diac patient is described by one of the 
world’s foremost authorities on the heart. 
Provides much needed information on up- 
to-date materials for the exercise ECG test. 
Ready Spring '79/about 318 pp/144 fig/ 
about $30.00 


Chung (Ed.): ARTIFICIAL CARDIAC PAC- 
ING: Practical Approach Readable and 
highly clinical summary of all areas of arti- 
ficial cardiac pacing directly or indirectly 
related to patient care. Includes explana- 
tions of cardiac electrophysiology where 
necessary to facilitate understanding of 
artificial pacing. ‘79/404 pp/420 figs/$34.00 


Botvinick & Shames: NUCLEAR CARDI- 
OLOGY: Clinical Applications Clinical 
guidance for physicians who must order 
scintigraphic studies for diagnosis or eval- 
uation of cardiac patients. Clearly sets forth 
when and why nuclear testing should or 
should not be done, and how nuclear tests 
compare with other noninvasive tests and 
with findings of invasive techniques. '79/ 
264 pp/214 figs/$23.00 


Timmis: CARDIOVASCULAR REVIEW — 
1979 A 7-year review of the highlights of the 
major American cardiovascular journals, 
compiled for those with special interests in 
cardiovascular disease. Summarizes ap- 
proximately 1500 references and effectively 
updates the general cardiovascular text- 
books which necessarily fall short of being 
current by several years. A valuable refer- 
ence and source of current data. '79/248 pp/ 
about $10.95 (softcover) 


ALL NEW BOOKS FOR THE 
CARDIOLOGIST — 


Williams &Wilkins 
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Yes, please send the following 

books on 20-day approval: 

O Botvinick & Shames NUCLEAR CARDI- 
OLOGY (0943-5) $23.00 

O Chung ARTIFICIAL CARDIAC PACING 
(1570-2) $34.00 

O Chung EXERCISE ELECTROCARDIOG- 
RAPHY (1569-9) about $30.00 


0O Timmis CARDIOVASCULAR REVIEW — 
1979 (8251-5) $10.95 


Maryland residents please add 5% sales tax. Prices subject to 
change without notice. 
O Check enclosed O Bill me O VISA O Master Charge 
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j card # 


TOLL-FREE TELEPHONE ORDERING (9 am to 4 pm) 
Call: 1-800-638-0672. Maryland residents call collect: 528-4221. 
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Williams & Wilkins 
Dept. 259 P.O. Box 1496 Baltimore, Md. 21203 











EXPERIMENTAL STUDIES 


Protective Action of Amiodarone Against Ventricular 
Fibrillation in the Isolated Perfused Rat Heart 
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tober 25, 1978. 
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The pretreatment of rats with amiodarone for 2 minutes to 3 weeks before 


the excision of their hearts caused a dose-related decrease in heart rate 
and an increase in the ventricular fibrillation threshold both before and — 
after coronary arterial ligation. Similarly, amiodarone decreased the in- — 


cidence of ventricular premature extrasystoles, ventricular tachycardia 


and fibrillation during the period of regional ischemia after coronary arterial 


ligation and also after reperfusion of the ischemic myocardium. There was 4 


no evidence of a metabolic protective effect on ischemic myocardium - 
because tissue high energy phosphate content decreased to a similar 


extent in ischemic myocardium from control and amiodarone-treated rats. — 
Instead, the protective effect of amiodarone against fibrillation was ac- 


companied by attenuation of the increase in tissue cyclic adenosine 


monophosphate in ischemic myocardium after coronary arterial ligation. 1 


It is proposed that amiodarone exerts a potent antifibrillatory effect by | 


decreasing tissue cyclic adenosine monophosphate in ischemic myo- S, 
cardium. Lg 


- 3 
" f x 


Amiodarone, a benzofuran derivative originally introduced as an anti- .— 


anginal agent, was demonstrated to possess antiarrhythmic properties.! 


Its efficacy in the treatment of supraventricular and ventricular ar- _ 
rhythmias, its prolonged action, wide margin of safety and relative lack " 
of effect on ventricular function, even in the presence of cardiac failure, | 
has prompted Dreifus and Ogawa? to suggest that amiodarone appears | 


to be an ideal antiarrhythmic agent in several respects. 


Clinical experience! has demonstrated that amiodarone is effective 
in preventing and treating serious ventricular arrhythmias such as | 


ventricular tachycardia, and there is evidence that it may also protect 
against the development of fibrillation. Because a protective action 
against ventricular fibrillation can only be inferred indirectly in the 


clinical setting, we used the isolated perfused rat heart to examine 


whether amiodarone possesses such an action. We demonstrated that 
amiodarone has a direct and powerful effect in decreasing vulnerability 


to ventricular fibrillation in the isolated perfused rat heart. It increases . 


the ventricular fibrillation threshold in both the absence and presence 1 


of regional myocardial ischemia. We also demonstrated that the pro- 
tective action of amiodarone in the presence of myocardial ischemia 


correlates with an effect on tissue cyclic adenosine monophosphate ' 
rather than on the high energy phosphate content of myocard P 
lending further support to the hypothesis of Podzuweit et al.? that cyclic ^ 


adenosine monophosphate is implicated in arrhythmogenesis. 


Materials and Methods 


Male Long-Evans rats (weighing 250 to 300 g) were anesthetized with ether 
and injected with 200 units of heparin intravenously. The hearts were rapidly 
excised, placed in ice cold Krebs-Henseleit solution and mounted for perfusion 
by the Langendorff technique. The perfusate used was Krebs-Henseleit buffer 
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. ANTIFIBRILLATORY ACTION OF AMIODARONE—LUBBE ET AL. 


solution aerated with 95 percent oxygen and 5 percent carbon 
dioxide and maintained at 37°C. The substrate was 11 
mmol/liter of glucose and the perfusion pressure was 100 cm 
of water. 


Ventricular Fibrillation Threshold and Vulnerable 
Period Estimation 


The technique for measuring the ventricular fibrillation 
threshold and vulnerable period duration in the isolated rat 


_ heart was described in detail.‘ A perfusate potassium con- 


centration of 5.9 mmol/liter was used in our experiments. Thin 
platinum wire electrodes were inserted at the apex and base 


. of the left ventricle, with the anode at the apex, for the delivery 


of square wave stimuli of 2 msec duration (Grass S88 physi- 
ologic stimulus generator). A 5-0 silk suture with an atrau- 
matic needle was passed deep to the left main coronary artery 
within 2 mm of where the artery emerges adjacent to the left 


. atrium, according to the technique described by Kannen- 
. giesser et al. 


The ventricular fibrillation threshold and vulnerable pe- 
riod were measured by applying pairs of stimuli sequentially 
at 2.5 msec intervals across the duration of the T wave, 


— starting 10 msec after the onset of the R wave and extending 


to 50 msec. The current strength was increased by increments 


— of 2.5 milliamperes (ma) until ventricular fibrillation, con- 


a Sem OE A 


sisting of at least six repetitive ectopic cycles with irregular 
form, developed. The limits of the vulnerable period were then 
defined more accurately by retracing to the previous 5 msec 
division and proceeding with 1 msec intervals to define the 
early limit and then reversing the procedure to define the later 
limit. The vulnerable period duration was measured at 1 ma 
above the lowest current where fibrillation was induced. 

_ The same procedure was followed in all experiments: The 
hearts were allowed a period of 15 minutes for stabilization 
before measurement of the heart rate (by counting the number 
of impulses per 5 second sweep across a memory oscilloscope) 
and coronary flow rate (bv collecting the coronary effluent 
from the heating chamber below the heart into a graduated 
measuring cylinder). The ventricular fibrillation threshold 
and vulnerable period duration were then estimated. Heart 
rate and coronary flow rate were again measured and the lig- 
ature on the coronary artery abruptly tightened. After 5 
minutes, heart rate and coronary flow were measured and 
ventricular fibrillation threshold and vulnerable period re- 


TABLE | 


estimated. It was previously demonstrated,5 using trains of 
stimuli permitting rapid estimation of the ventricular fibril- 
lation threshold, that the minimal value for the threshold is 
reached about 5 minutes after coronary arterial ligation. 

After estimation of the ventricular fibrillation threshold and 
the vulnerable period at 15 minutes after ligation, the hearts 
were freeze-clamped for biochemical analysis using Wollen- 
berger tongs precooled in liquid nitrogen.’ 


Reperfusion Ventricular Fibrillation Experiments 


The procedure for defining the antiarrhythmic activity of 
agents in the isolated rat heart during regional myocardial 
ischemia and after reperfusion was described in detail.® Rat 
hearts are perfused by the Langendorff technique for 15 
minutes to allow stabilization after mounting and insertion 
of a coronary arterial ligature. A perfusate potassium con- 
centration of 4.5 mEq/liter is used, and observations on heart 
rate and coronary flow are recorded every 5 minutes. The 
ligature is then tightened over a segment of polyvinyl needle 
that acts as a guide for later release of the ligature. A contin- 
uous electrocardiographic tracing is recorded during the pe- 
riod of coronary arterial ligation. A successful ligation is in- 
dicated by a decrease of at least 20 percent of the baseline 
coronary flow rate. After 10 minutes of coronary arterial oc- 
clusion, the ligature is divided using a thin surgical blade, 
which is carefully drawn along the polyvinyl needle to avoid 
injury to the underlying myocardium and coronary artery. 
Within 10 seconds after reperfusion, ventricular fibrillation 
begins, with an incidence rate of 100 percent if the perfusate 
potassium concentration is 4.5 mmol/liter. Antifibrillatory 
activity is assessed by observing the number of hearts that do 
not manifest ventricular fibrillation at any particular con- 
centration of the antiarrhythmic agent in the perfusate. Six 
to 12 hearts are usually studied at each concentration of the 
antiarrhythmic agent. 


Amiodarone Administration 


Because of the difficulties encountered with the solubility 
of amiodarone in perfusion systems, the agent was not added 
to the perfusate but was administered directly to the rats with 
plastic syringes. Amiodarone hydrochloride was prepared in 
a 5 percent weight per volume solution in deionized distilled 
water and maintained at 4°C until immediately before ad- 


Effect of Amiodarone Pretreatment on Rat Heart Performance and Ventricular Fibrillation Threshold (VFT) Before and After 
Coronary Arterial Ligation (perfusate potassium 5.9 mEq/liter) 


Before Coronary Arterial Ligation 


Pre- Route of Dose of no. 
treatment Administra- Amiodarone of Heart Rate 
Period tion (umol/kg) Rats (beats/min) 
Control EA d 70 26244 
series 
3 days IP 130 4 175 + 12! 
3 days IP 260 4 159 + 13! 
7 days IP 130 6 167 + 241 
2 min IV 21 9 211+ 12! 
2 min IV 28 10 174411! 
2 min IV 42 10 135 + 13! 
2 min IV 42 15 260 
(paced) 


* P «0.05, ! P «0.01, * P «0.001, compared with control values. 
IP — intraperitoneally; IV — intravenously. 


After Coronary Arterial Ligation 


Coronary Coronary 
Flow VFT Heart Rate Flow VFT 

(ml/min) (ma) (beats/min) (ml/min) (ma) 
10.6 + 0.4 7.5 + 0.4 202 47 46+0.7 15+0.3 

7.6 + 0.87 8.5 t 1.4 "ss NS. 

7.9 t 0.9* 16.3 + 2.5! ea T6 <i 

4.0 + 0.4} 13.8 + 2.9* 125 + 21! 20+0.2t 59+ 1.9* 
TZ 53 13.8 + 1.6! 194+ 14 8.2 + 1.2* 3940.6! 
10.2 + 0.4 13.5 + 1.7: 169 + 9! 5.9 t 0.2 4.1 X 0.91 
11.7 + 1.0 15.7 + 2.1! 139 + 15t 6520.6 7.9 1.1ł 
10.2 + 0.5 17.0 + 1.4 260 6.0 + 0.6 9.7 + 1.5! 

| (paced) 
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ministration. The pure crystalline powder was obtained from 
Labaz, Paris. 
Long-term administration: Amiodarone hydrochloride, 


. 5 percent solution, was administered daily by intraperitoneal 


injection for 1 to 3 weeks before the rats were studied. Total 
doses of 30 to 260 umol/kg were administered to groups of four 
to eight rats (see Tables I and II for details). 

Short-term administration: The amiodarone was injected 
as a 5 percent solution into the femoral veins of rats 2 minutes 
before the hearts were removed to determine whether a more 
rapid action could be demonstrated. Amounts contributing 
7 to 56 umol/kg (1.25 to 10 mg/rat) were administered. 

Control data: Because amiodarone could not be reliably 
dissolved in the perfusate, data obtained in rats studied under 
identical circumstances using identical techniques except for 
the intravenous injection of heparin only, were used. In ad- 
dition, three rats had daily intraperitoneal injections of dis- 
tilled water for 1 week. 

Pacing experiments: To determine whether changes in 
coronary flow rate, ventricular vulnerability and tissue bio- 
chemistry were attributable to the decrease in heart rate 
caused by amiodarone, 15 hearts of rats pretreated with am- 
iodarone were paced at 260 beats/min using separate elec- 
trodes inserted into the right ventricle. 


Biochemical Measurements 


The tissue content of adenosine triphosphate, creatine 
phosphate and cyclic 3'-5'-adenosine monophosphate were 
measured in freeze-clamped hearts homogenized under liquid 
nitrogen as previously described.? In hearts subjected to 
coronary arterial ligation, ischemic and nonischemic tissue 
was separated by introducing disulfine blue dye into the 
perfusate through the aortic perfusion cannula immediately 
before freeze-clamping. Aliquots of tissue were used to obtain 
dry weight/wet weight ratios, and the tissue content of aden- 
osine triphosphate, creatine phosphate and cyclic adenosine 
monophosphate were calculated and expressed per gram of 
fresh weight. 


Statistical Methods 


Results are expressed as mean values + standard error of 
the mean. Student's ¢ test was used to compare means be- 
tween the groups, using either the paired or unpaired test as 
appropriate. The two-tailed test was used to compensate for 
unequal variances when comparisons were made between 
control and treated groups. A probability (P) value of less than 
0.05 was considered to indicate a significant difference be- 
tween mean values. 


Results 
Ventricular Fibrillation Threshold Experiments 


Before coronarv arterial ligation: The effect of ami- 
odarone hydrochloride administered to rats for 3 or 7 days 
(intraperitoneally) or for 2 minutes (intravenously) before 
removal of the hearts is shown in Table I. Amiodarone pro- 
duced a significant decrease in heart rate at all dose levels 
studied. The coronary flow rate decreased in the hearts of rats 
pretreated intraperitoneally but did not change in the hearts 
of rats pretreated intravenously, although the heart rate de- 
creased significantly in the latter group. When the decrease 
in heart rate was prevented by pacing, the coronary flow rate 
remained at the same level as in the control hearts. 

With pretreatment for 3 days using 130 umol/kg intra- 
peritoneally, the mean ventricular fibrillation threshold did 
not change. With pretreatment using 260 umol/kg for 3 days 
or 130 umol/kg for 7 days, the ventricular fibrillation threshold 
increased significantly, reaching 16.3 + 2.5 ma (mean + 
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standard error of the mean, P <0.001) and 13.8 + 2.9 ma (P. ; E 


<0.05) in the two groups, respectively. 


Similarly, with the administration of amiodarone intra- ; E 
venously 2 minutes before excision of the hearts, the ven- 
tricular fibrillation threshold increased significantly at the — . 


three dose levels studied (P «0.001 for each level). When 


hearts were paced at 260 beats/min to eliminate the effect of 


the decrease in heart rate that occurred with the highest dose 


of amiodarone administered (42 umol/kg), the ventricular — 
fibrillation threshold increased highly significantly to 17.0 E 


1.4 ma (mean + standard error of the mean, P <0.001) com- 
pared with the value in control hearts. There was no signifi- 


cant effect on the vulnerable period duration (Fig. 1), and 


therefore detailed values are not reported. 


Effects of amiodarone on changes induced by coronary — 


arterial ligation (Table I): In control rats coronary arterial 


ligation caused a decrease in heart rate from 260 + 4 to 202 € 3 


7.2 beats/min (mean + standard error of the mean) and a 
decrease in coronary flow rate from 10.6 + 0.4 to 4.6 + 0.7 


ml/min (Table I). The ventricular fibrillation threshold esti- —' 
mated 5 minutes after coronary arterial ligation decreased — : 


from 7.5 + 0.4 to 1.5 + 0.3 ma (P «0.001). 
In rats pretreated for 7 days with 130 umol/kg of ami- 
odarone, heart rate and coronary flow decreased further after 


coronary arterial ligation, with heart rate decreasing to 125 - : 
+ 21 beats/min (mean + standard error of the mean) and ` 
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FIGURE 1. Determinations of the ventricular fibrillation threshold (VFT) — 
in hearts from a control and an amiodarone-treated rat before (top panel)  - 


and after (lower panel) coronary arterial ligation. In the control rat, the 


ventricular fibrillation threshold decreased from 6.5 ma beforeto 0.8 


ma after ligation. In the rat treated with amiodarone (42 umol/kg in- 
travenously 2 minutes before excision of the heart), the ventricular fi- 
brillation threshold was 10.5 ma before and 7.0 ma after coronary ar- 
terial ligation. CF — coronary flow rate; HR — heart rate; ms. — milli- 
seconds. 
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arterial ligation, the ventricular fibrillation threshold de- 
creased from 13.8 + 2.9 ma to 5.9 + 1.9 ma, which was signif- 
icantly higher than the value of 1.5 + 0.3 ma obtained in 
control hearts (P <0.05). 

In rats pretreated for 2 minutes with intravenous ami- 
odarone (21, 28 and 42 umol/kg), the heart rate did not de- 
crease further after coronary arterial ligation. With a dose of 


21 umol/kg, the coronary flow rate increased significantly 


compared with the rate in control hearts after coronary arte- 


AMIODARONE EFFECT ON VFT BEFORE AND 
AFTER CORONARY ARTERY LIGATION 
IN ISOLATED RAT HEART. 
(Administered IV 2 min prior to removal of heart) 


B = Before ligation 
A= After ligation 
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FIGURE 2. Ventricular fibrillation threshold (VFT) before and after 
coronary arterial ligation in nearts from 26 control rats and 29 rats 
pretreated with amiodarone at 3 dose levels (21, 28 and 42 umol/kg 


. administered intravenously (IV) 2 minutes before excision of the hearts). 


Asterisks indicate probability (P) values obtained by comparing the 


- values obtained in the treated rats with those in the control rats. n — 
- number of hearts. 
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rial ligation (8.2 + 1.2 versus 4.6 + 0.7 ml/min). At doses of 28 
and 42 umol/kg, the increase was less striking, reaching 5.9 + 
0.2 ml (P <0.01) and 6.5 + 0.6 ml (P «0.01), respectively. 
These coronary flows could not be related to a decrease in 
heart rate because hearts paced at 260 beats/min and pre- 
treated with 42 umol/kg had a similar coronary flow rate of 6.0 
+ 0.6 ml/min (P <0.10). 

In rats pretreated jor 2 minutes with intravenous ami- 
odarone (Fig. 1), the ventricular fibrillation threshold in- 
creased after coronary arterial ligation; with doses of 21, 28 
and 42 umol/kg, the threshold increased to 3.9 + 0.6, 4.1 + 0.9 
and 7.9 + 1.1 ma, respectively (in each instance the control 
value was 1.5 + 0.3 ma, P <0.001). In hearts paced at 260 
beats/min, the ventricular fibrillation threshold also increased 
to 9.7 + 1.5 ma after coronary arterial ligation in amiodar- 
one-treated hearts (P <0.001 compared with the control 
value). The effects of pretreatment with amiodarone on the 
ventricular fibrillation threshold before and after coronary 
arterial ligation are summarized in Figure 2. 


Coronary Arterial Occlusion and Reperfusion 
Experiments 


The values for heart rate, coronary flow rate and the inci- 
dence of ventricular arrhythmias (ventricular premature ex- 
trasystoles, ventricular tachycardia and ventricular fibrilla- 
tion) obtained in a separate series of 16 control rats and 114 
amiodarone-treated rats subjected to a period of coronary 
arterial occlusion with subsequent reperfusion are shown in 
Table II. With higher doses of amiodarone in the treated rats, 
the heart rate decreased in relation to the dose and the coro- 
nary flow rate remained relatively stable. This result did not 
occur with the more prolonged treatment using intraperito- 
neal amiodarone. 

With intravenous pretreatment, amiodarone had a sig- 
nificant antiarrhythmic effect, and the incidence of ventricular 
tachycardia and ventricular premature extrasystoles de- 
creased during the period of ischemia at all dose levels. When 
the intraperitoneal route was used, the incidence of ventricular 
premature extrasystoles did not decrease when 30 umol/kg 
of amiodarone was administered for 1 week but decreased 
markedly (from 82 to 50 percent) when this dose was admin- 


Effect of Amiodarone on Cardiac Function and Ventricular Arrhythmias During Regional Myocardial Ischemia and After 


i Reperfusion in the Isolated Rat Heart (perfusate potassium 4.5 mEg/liter) 





After Occlusion 


Period Dose of 

of Pre- Amiodarone Dose no. of Heart Rate 
treatment (mg) (umol/kg) Rats (beats/min) 
Control «s any 16 224+ 9.6 
2 min 1.25 IV 7 5 162 + 16! 
2 min 2.5 IV 14 17 203 + 8 

2 min 3.75 IV 21 12 197 + 15 
2 min 5.0 IV 28 19 226 + 13 
2 min 6.25 IV 35 11 177 + 53 
2 min 7.5 IV 42 10 186 + 14* 
2 min 8.75 IV 49 8 150 + 12! 
2 min 10.0 IV 56 8 121+ 18! 
1 week 5.0 IP 30 7 244+ 16 
1 week 25.0 IP 130 4 179 + 13! 
1 week 50.0 IP 260 5 152 + 20! 
3 weeks 5.0 IP 30 8 229 16 


* P «0.05, t P «0.01, * P «0.001, compared with control values. 


Coronary Ischemic Period After Reperfusion 
Flow VPE. NF ME VPE VT VF Heart 

(ml/min) (90) (96) (96) (96) | (96) (96) Block (96) 
6.0 + 0.34 82 69 0 100 100 100 0 
4.9 + 0.6 50 0 0 100 60 80 0 
5.8 1 0.3 25 0 0 65 47 35 0 
7.9-E 040" 8 0 0 50 25 16 0 
6.0 + 0.4 30 10 0 37 21 16 0 
6.6 + 0.4 45 9 0 45 9 9 0 
6.1 + 0.4 40 10 0 40 0 0 0 
7.7 + 0.3! 0 0 0 50 0 0 12 
7.8 + 0.8* 0 0 0 38 0 0 38 
4.9 t 0.5 71 43 0 100 100 100 0 
45+ 0.7* 75 0 0 50 0 0 0 
4.4 0.7" 0 0 0 80 0 0 0 
7.1 € 0.6 50 13 13 100 100 100 0 


. IP = intraperitoneally; IV = intravenously; VF = ventricular fibrillation; VPE = ventricular premature extrasystoles; VT = ventricular tachycar- 


dia. 





istered for 3 weeks. Ventricular fibrillation occurred in one 
of eight hearts from rats pretreated with 30 umol/kg of ami- 
odarone for 3 weeks intraperitoneally. 

The effect of amiodarone pretreatment on the incidence 
of ventricular premature extrasystoles, ventricular tachy- 
cardia and ventricular fibrillation after reperfusion is shown 
in Table II. When the ischemic myocardium is reperfused (at 
an extracell potassium concentration reduced to 4.5 mEq/ 
liter), the incidence rate of these arrhythmias is 100 percent, 
as reported previously.? A dose-related decrease in the inci- 
dence of these arrhythmias occurred after pretreatment with 
amiodarone (Table II and Fig. 3). Ventricular tachycardia and 
ventricular fibrillation did not occur after intravenous pre- 
treatment using doses of 42, 49 and 56 umol/kg. With doses 
of 49 and 56 umol/kg, atrioventricular block occurred in 12 and 
38 percent of these hearts, respectively. 

With prolonged pretreatment, no protection against re- 
perfusion arrhythmias or ventricular fibrillation occurred 
when 30 umol/kg amiodarone was given for 3 weeks or 1 week. 
When 130 and 260 umol/kg was given for 1 week, no ventric- 
ular tachycardia or ventricular fibrillation occurred, but 
ventricular premature extrasystoles occurred in 50 and 80 
percent of the hearts at the two respective doses. Atrioven- 
tricular block did not occur in the rats pretreated by the in- 
traperitoneal route. 


Biochemical Studies 


The influence of amiodarone pretreatment on the myo- 
cardial tissue content of high energy phosphates and cyclic 
adenosine monophosphate was investigated in 20 hearts not 
subjected to coronary arterial ligation. These hearts were 
freeze-clamped after the estimation of the ventricular fibril- 
lation threshold and homogenized in toto. In six control hearts 
tissue adenosine triphosphate, creatine phosphate and cyclic 
adenosine monophosphate measurements were 3.9 + 0.01 
umol/g, 4.0 + 0.2 umol/g and 0.48 nmol/g fresh weight, re- 
spectively. In the hearts of three groups of four rats pretreated 
with 42 umol/kg intravenously for 2 minutes or with 130 and 
260 umol/kg intraperitoneally for 3 days, tissue adenosine 
triphosphate and creatine phosphate measurements did not 
change. Tissue adenosine monophosphate levels decreased 
to 0.40 + 0.02 (P <0.01), 0.45 + 0.02 (P <0.05) and 0.38 + 0.04 
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(P <0.01) nmol/g fresh weight in the groups pretreated for 2 — 
minutes (with 42 umol/kg) and for 3 days with 130 and 260 
umol/kg, respectively. 

Before and after coronary arterial ligation: In hearts’ 
subjected to coronary arterial ligation, the ischemic and — 
nonischemic tissue was separated. The values for ventricular . 
fibrillation threshold before and after ligation and the tissue - 
measurements of adenosine triphosphate, creatine phosphate - 
and cyclic adenosine monophosphate in both the nonischemic ~ 
and ischemic myocardium in control and amiodarone- treated | 1 
rats are shown in Table III. 

In 12 control hearts, the ventricular fibrillation threshold - 
was 8.5 + 1.2 ma before ligation of the coronary artery and 1.0 — 
+ 0.2 ma 5 minutes after ligation (P <0.001). In the uninvolved | 
myocardium the tissue content of adenosine triphospha 5,12 


c 


creatine phosphate and cyclic adenosine monophosphate was — 

within normal limits, measuring 3.8 + 0.1 umol/g, 3.6 + 0.4 — 

umol/g and 0.49 + 0.02 nmol/g fresh weight, respectively. In | 
AMIODARONE EFFECT ON REPERFUSION ARRHYTHMIAS ü 


IN ISOLATED PERFUSED RAT HEART 
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DOSE OF AMIODARONE (yg/kq) 


4i 
FIGURE 3. Incidence rate of ventricular fibrillation (solid line) and ` 
ventricular tachycardia (dashed line) after reperfusion of ischemic _ 
myocardium in the hearts of rats treated with amiodarone. Each ports a 
represents the value obtained in a group of 6 to 17 hearts. 





TABLE Il - š E 
Tissue Biochemical Changes After Separation of Ischemic and Nonischemic Myocardium in Hearts from Control and E 
Amiodarone-Treated Rats > 
Uninvolved Myocardium Ischemic Myocardium 
no. VFT (ma) ATP CrP cAMP ATP CrP cAMP œ 
of Before After (umol/g (mol/g (nmol/g (umol/g (umol/g (nmol/g L 
Rats Ligation Ligation fresh wt) fresh wt) fresh wt) fresh wt) fresh wt) fresh wt) . 
Pretreatment for 2 Minutes 2 
Control hearts 12 8:5 4- 1.2 1030.2 3840.1 3.60.4 0494002 17402 1340.3 0.69 X 0.03 
Amiodarone-treated hearts 7 163t2.1! 84424 3.70.2 4840.2* 0.45: 0.02 1640.2 1340.1 0.534 0.025 — 
(paced 260/min, Z 
42 umol/kg IV) d 
Pretreatment for 1 Week 
Control hearts 3 5.3 + 0.6 15400 3.7403 3.10.7 0.47+0.02 17+05 1.2::0.6 0.55 € 0.05 
(0.5 ml distilled 
water IP) 


Amiodarone-treated hearts 6 13.84£29* 113:3.6 41402 52405 040+0.02* 27405 1.8: 0.3 0.4140.04* 


(130 umol/kg IP) 


* P «0.05, t P «0.01, * P «0.001, compared with control values. 
ATP = adenosine triphosphate: cAMP = adenosine 3'-5' cyclic monophosphate; CrP = creatine phosphate; IP = intraperitoneally; IV = intra- 
venously; VFT = ventricular fibrillation threshold; wt = weight. 
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MERI IS adenosine iei tente decreased 


+0 mesg a fresh weight (P «0.001 in each instance). 
— dn rats } etreated with 42 umol/kg of amiodarone for 2 
hearts were paced at 260 beats/min, the ven- 
rilla tá on threshold increased to 16.3 4- 2.1 ma before 
)1) and 8.4 + 2.4 ma after ligation (P «0.001). 
43 n the i myocardium, adenosine triphosphate, 
creati 2 phosphate and cyclic adenosine monophosphate 
Jev '€ s were normal. In the ischemic myocardium, the adeno- 
sin triphosphate and creatine phosphate values were iden- 
wit al poderi in the control hearts. The value for 


e re with 130 umol/kg of amiodarone in- 
neally for 1 week whose hearts were not paced but 
ita neously at 167 + 24 beats/min, the ventricular 
threshold increased to 13.8 + 2.9 ma before ligation 

and 11.3 3.6 ma after ligation (P <0.001). The 

r adenosine triphosphate and creatine phosphate in 
eet rp remained normal. In the ischemic 


hos phate were not significantly different from the 
in control hearts. Tissue cyclic adenosine monophos- 
e in th le amiodarone-treated hearts was significantly lower 
nonischemic and ischemic myocardium, measuring 
£0. aie an and 0.41 + 0.04 nmol/g fresh weight, respectively. 
rise were significantly lower than the values of 0.47 
TE jen 0.55 + 0.05 nmol/g fresh weight obtained in the 
pe ; olr rats pretreated with intraperitoneal distilled water for 
ae .0.05 in each instance). 


Discussion 


Ed in r ntifibriflatory action of amiodarone: These 
stud ies in the isolated perfused rat heart confirm that 
amioc larone inhibits the occurrence of ventricular fi- 
-bril ation. In rats pretreated for 2 minutes to 3 weeks, 
ventricular fibrillation threshold increases in rela- 
jon to the dose. After coronary arterial ligation, the 
nc ose ce of spontaneous arrhythmias decreases, and 
thi > decrease in ventricular fibrillation threshold is at- 
jenuatec . When sufficiently high doses of amiodarone 
ode di in poe ment, the ventricular fibrillation 
1 er coronary arterial ligation exceeds the 
e coronary arterial ligation in control rats. 
> efie of the ischemic myocardium is a stimulus 
ig to the uniform and predictable occurrence of 
tricular fibrillation in this model. Amiodarone pre- 
atm ; ent. protects completely against the occurrence 
‘ventricular fibrillation induced in this manner at dose 
o do not cause a disturbance in atrioventricular 
han 
ur observations i in the isolated perfused rat heart 
dem fm trate a protective effect against arrhythmia after 
pret. = = iment with amiodarone for 2 minutes to 3 weeks. 
: Am 1 iodarone appears to remain active at a myocardial 
stor site even though it is no longer present in the 
ing medium. ‘The protective action against the 
e of ventricular fibrillation is related to the 
visis in aen en rather than to the period 
| Ae 
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i € creatine phosphate decreased to 1.3 0.3. — 
d cy yclic adenosine monophosphate increased to 0.69. 
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Vdes the administrilo df ar nio d: lh rone lea an d the re- 
moval of the hearts. jer di ce Ln iei: 


Amiodarone and Metabolic Changes | EE n 


The antiarrhythmic action of amiodarone domes d 


strated in these studies was independent of its brady- 
cardic action because hearts paced at the rate of un- 
treated control hearts had a similar increase in ven- 
tricular fibrillation threshold. Because it has been > 


suggested that amiodarone decreases the cardiac met- | 


abolic rate!? and might be antiarrhythmic in the pres- 
ence of myocardial ischemia produced by a metabolic 
protective action, we studied the influence of ami- 
odarone on myocardial high energy phosphate content. 
Although it caused an increase in the ventricular fi- - 
brillation threshold, amiodarone had no effect on the 
tissue content of adenosine triphosphate or creatine 
phosphate in either uninvolved or ischemic myocar- 
dium. This finding argues against the possibility that 
amiodarone exerted its protective effect by minimizing 
the metabolic damage due to ischemia, either by slowing 
the heart rate and thereby reducing oxygen consump- 
tion or by increasing coronary flow by its vasodilatory 
action. 

Effect on cyclic adenosine monophosphate iu 
ischemic myocardium: Another possibility is that 
amiodarone exerts its antiarrhythmic effect by altering 
tissue cyclic adenosine monophosphate in myocardium. 
The tissue cyclic adenosine monophosphate content in 
the uninvolved myocardium of amiodarone-treated rats 
was within the normal limits for rats studied in our 
laboratory. In the ischemic zone, amiodarone pre- 
treatment prevented an increase in tissue cyclic aden- - 
osine monophosphate concentration after coronary 
arterial ligation. With pretreatment for 2 minutes, the 
cyclic adenosine monophosphate level in ischemic tissue 
increased only about 18 percent (compared with a 40 
percent increase in control hearts). With pretreatment 
for 1 week, the cyclic adenosine monophosphate con- 
centration in ischemic myocardium remained equal to 
that in the uninvolved myocardium. 

Therefore the protective effect of amiodarone against 
a decrease in the ventricular fibrillation threshold after 
coronary arterial ligation was independent of the effect- 


on heart rate, coronary flow or tissue high energy 4 
phosphate content; this protective effect was accom- 


panied by a decrease in cyclic adenosine monophos- 
phate in ischemic tissue, and it prevented a decrease in 
the ventricular fibrillation threshold after coronary li- 
gation. These findings agree with our previous studies 
in the isolated rat heart demonstrating that the decrease 
in ventricular fibrillation threshold after catecholamine 
stimulation,’ phosphodiesterase inhibition? and coro- 
nary arterial ligation* correlated best with changes in 
tissue cyclic adenosine monophosphate and occurred 
independently of alterations in tissue high energy 


phosphate content. According to our postulates,?? these _ 


findings predict the antiarrhythmic action of ami- | 


odarone. Our data also agree with the findings of Cor- _ Hi 


balan et al.,!! who dad. i that the early decrease p. 
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. tivity protects against the increase in vulnerability. 


It could be argued that the effects of amiodarone on 


. cyclic adenosine monophosphate were slight. However, 


coronary ligation caused a relatively small increase of 


. 40 percent in cyclic adenosine monophosphate in con- 
- trol hearts (0.49 to 0.69 nmol/g), which caused a large 


decrease in the ventricular fibrillation threshold.? A 
theophylline-induced increase in tissue cyclic adenosine 
monophosphate from 0.48 to 0.75 nmol/g was associated 
with a decrease in the fibrillation threshold from 7.6 to 


. 5.1 ma (P «0.05).? It has been suggested that increases 


in cyclic adenosine monophosphate of a similar mag- 
nitude play a role in metabolic regulation.!? Thus, the 
ability of amiodarone to substantially inhibit the liga- 


. tion-induced increase in cyclic adenosine monophos- 


. phate in the myocardium and to increase the fibrillation 
. threshold may well be related. 


One objection to this hypothesis is that the antiar- 


. rhythmic effect of amiodarone is linked to prolongation 


of the action potential duration.!? Cyclic adenosine 
monophosphate also prolongs the action potential du- 
ration in calf trabecular myocardial cells.!4 In Purkinje 
fibers, cyclic adenosine monophosphate decreases the 
action potential duration.!° However, the role of cyclic 
adenosine monophosphate in producing the slow re- 
sponse may be arrhythmogenic in the context of acute 


. developing myocardial infarction,” and such slow re- 


sponses would be inhibited by amiodarone. 


Pharmacology of Amiodarone 


Amiodarone has been used clinically for several years 
in treating angina pectoris.!6 Its beneficial effects in this 


. condition are attributed to its actions of causing coro- 


nary vasodilatation, decreasing the heart rate and thus 
decreasing myocardial oxygen consumption.!? Ami- 
odarone has also been demonstrated to inhibit adren- 
ergic effects on the heart.!? At the cellular level, it has 
no local anesthetic activity and probably exerts its 
antiarrhythmic effect by prolonging the duration of the 


. action potential.!? Amiodarone has no effect on the 


- 


resting potential or action potential amplitude and only 
minimally decreases the maximal rate of phase O de- 
polarization in rabbit atrial and ventricular cells. Its 
major effect of increasing the action potential duration 


. was classified by Singh and Vaughan Williams!? as class 


III antiarrhythmic action. This action of amiodarone 
greatly resembles the effect of thyroid hormone defi- 


~ ciency, but definitive studies provided no evidence that 


amiodarone interferes with thyroid hormonal ac- 
tion.!? | 

Antiadrenergic effects: Amiodarone has adrenergic 
antagonistic effects that interfere with both alpha and 


beta adrenergic actions.!? However, its action is dif- - 


ferent from that of agents such as phentolamine and 
propranolol because its antagonism is independent of 
dose, noncompetitive and nonspecific. 'The action of 


Ab. amiodarone i is gees because it attenuates the 
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ligation is mediated by a mechanism involving cate- 
- cholamines, and that interference with adrenergic ac- 
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appears to be organ specific because effects ci 1 be 
demonstrated on the heart and peripheral vesse ED but 
not on epinephrine-induced lipolysis in the epididyma 
fat pad. Our observations that cyclic adenosine mono | 
phosphate accumulation in heart cells is suppressed by 
amiodarone could explain this action. An action on the 
cell membrane that does not involve calcium transport 
has also been postulated by Polster and Broekhu- | 
ysen.!7 D 
Electrophysiologic and antiarrhythmic effect it] i. 
Electrophysiologic studies in intact animals and man 
revealed that amiodarone lengthens the refractory pe- 4 
riod in the atrioventricular node, slows atrial conductior 
(thus increasing the A-H interval) and i increases the 
effective refractory period of atrial and ventricu ula 
myocardium.! Amiodarone also causes a slight p X on- j 
gation of the H-V interval, indicating some slo wing o 
conduction in the specialized conduction system di di is 
to the atrioventricular node. These actions could h e 
account for the clinical benefit of amiodarone te ) ut | 
tients with a wide variety of supraventricular and ver n- | 
tricular arrhythmias not associated with ischemie A 
Amiodarone appears to be particularly useful in treating 
patients with arrhythmias caused by a reent trant s 
mechanism and patients with the Wolff-Parkinson- an 
White syndrome. ! L. 
In humans, as in the isolated rat heart, amiodarone . 
has a prolonged antiarrhythmic effect that extends. well 1 
beyond the last administration of the agent.! In patients 
its action may last for 30 to 45 days. This prolonged ef- 
fect is a great advantage in patients who need continu ps 
ous protection against arrhythmias, especially ven- 
tricular fibrillation. It is now well established that | p 
tients with ventricular fibrillation have a sustained state 
of vulnerability of the myocardium.!® E. 
In our studies, amiodarone was active against. ven- | 
tricular tachycardia and fibrillation both during re- m 
gional myocardial ischemia and during reperfusion of : 
ischemic muscle. The mechanisms responsible hs or 
ventricular fibrillation in these two situations a 
probably different.!! The decrease in ventricular fi- 
brillation threshold and the occurrence of spontaneous 
ventricular fibrillation are potently inhibited by tk 
beta adrenergic antagonist propranolol during coronar 
arterial occlusion, but this agent has no action dune 
reperfusion. Similarly, cholinergic stimulation, prd i. 
duced by either stimulation of the vagus nerve or the 
administration of methacholine, decreases ventricula 
vulnerability during myocardial ischemia but not du 
reperfusion.!9 Our previous work demonstrated that the 
class I antiarrhythmic agents lidocaine and mexiletine — 
can protect against the development of ventricilad | a 
tachycardia and fibrillation after reperfusion.8 Ami- : 
odarone also has both of these protective actions; its 
action against reperfusion ventricular fibrillation was - 
particularly impressive in this study. The mechanism 
responsible for reperfusion ventricular fibrillation is not 
known but is believed to be more potent ue. the 
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. mechanism that produces ventricular tachycardia or 
- fibrillation during myocardial ischemia.?? 


Clinical implications: In this study amiodarone 


protected against the increase in ventricular vulnera- 
bility in the early phase after coronary arterial ligation 
- and prevented reperfusion ventricular fibrillation. On 
the basis of these observations, we suggest that ami- 
: odarone deserves a thorough trial in patients with acute 
- myocardial infarction. Clinical experience with ami- 

odarone documenting its therapeutic efficacy in ven- 
_ tricular arrhythmias was recently summarized.?! Its 
- protective action against ventricular fibrillation, sug- 
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gested by the observations of Rosenbaum et al.! in the 
dog and definitively demonstrated in studies in the rat 
heart, is another attribute of amiodarone suggesting 
that it may be an ideal antiarrhythmic agent. 
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 Precordial Electrocardiographic Mapping After Exercise a 
In the Diagnosis of Coronary Artery Disease 3 
E 
KIM FOX, MRCP A technique is described for recording the precordial electrocardiograp 
ANDREW SELWYN, MRCP body surface map before and after exercise. The technique proiden Mi 
JOHN SHILLINGFORD, FRCP, FACC extra dimension to the conventional exercise electrocardiogram bec 


a measurement can be made of the area and severity of S-T segment. 
changes that are projected onto the front of the chest. Sixteen lead iso- 

potential surface maps were recorded before and after exercise in 1 e 
patients with angina who subsequently underwent coronary arteriograp 
In addition, exercise electrocardiograms were obtained in 53 of these, 
patients using three orthogonal leads and in all patients using a single cl est 
unipolar chest lead. Precordial surface mapping after exercise was fou d | 
to have a greater sensitivity (95 percent) than electrocardiography usin n g 
either the orthogonal leads (68 percent) or a single chest lead (64 percent | 
(P «0.01). The specificity of the three techniques did not differ signifi : 
cantly (P 70.05). The technique of precordial surface mapping af te 
exercise improves the ability to diagnose coronary artery disease - mo 
can easily be applied to clinical practice. 


London, England 


demand in order to elicit the WSR A whee | manifes : bis 
ischemia (S-T segment changes) that are absent at rest. The ability : e 
elicit these alterations in the S-T segment depends on the degree of ) 
narrowing of the coronary arteries, the amount of work performed anc d 
the accuracy with which areas of myocardial ischemia can be detected. | 
It is usually accepted that 70 percent luminal narrowing of a major cor- - 
onary vessel is necessary before the blood supply to the myocardium ca is 
be compromised by exertion,!-? and the modern multistage stress tests 
aiming at maximal heart rates ensure that an adequate work load i: is | 
nearly always achieved.4 The principal limiting factor of these tests is 
the detection of myocardial ischemia. Although multiple lead and or- ea 
thogonal systems are adequate in most cases,”® they are not sufficiently : 
sensitive. This paper describes a technique for recording serial precordial | | 
surface maps after exercise that has proved superior to other methods +. 
in the diagnosis of coronary artery disesse. [P 


Methods ae 


Electrocardiographic mapping: One hundred nine consecutive patisri 
From the Division of Cardiovascular Disease, (93 men and 16 women with a mean age of 48 years) were studied befotel 
Royal Postgraduate Medical School, Hammersmith undergoing diagnostic coronary arteriography. They were referred from t the | 
Hospital, London, England. This work was sup- outpatient department and all were sufficiently fit to undergo an exercise i | 
ported by a grant from the British Heart Founda- In all patients a 16 point precordial electrocardiogram was recorded using a direct _ 
Ev London, England. Manuseripcrsaetved July writing ink jet Mingograf (Elema Schonander) recording on four chante 7 


c m M ONERE gre sino multaneously. The gain employed was 10 mm for 1 mv, and the paper speed w. 


Address for reprints: Kim Fox, MRCP, Cárdio: 25 mm/sec. The 16 points were distributed evenly over the left hemithorax, and. 5 
vascular Research Unit, Royal Postgraduate the boundaries were the angle of Louis, the right sternoclavicular joint, ‘the E. 
Medical School, Hammersmith Hospital, London, posterior axillary line and 6 cm below the xiphisternum (Fig. 1). Disposable press | T. 

p wie OHS, England. stud electrodes’ were used and then secured into position using adhesive tape — 
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sufficiently tight to keep the electrodes stable without inter- 

ring with respiration. Screened electrode cable was used and 
he 16 electrodes were connected to the electrocardiograph 
using a four-way switching system (Fig. 1). The 16 precordial 
leads were unipolar V leads connected to a central Wilson 
terminal. One of the positions (C3, Fig. 2) corresponded ex- 


vy. 


ctly to lead V5 and was selected to act as the single chest 






. Exercise testing: Graded maximal exercise tests were 
performed using a bicycle ergometer.® Patients cycled at a 
constant speed (50 revolutions/min), and the work load was 
increased by 25 watts each minute. Exercise was performed 
for 6.04 + 2.23 minutes (mean + 1 standard deviation). The 
exercise tests were limited by the appearance of chest pain, 
lyspnea, fatigue or multiple ventricular ectopic complexes.’ 
All recordings were made with the patient sitting comfortably 











Immediately After Exercise 





FIGURE 1. Patient with 16 press stud electrodes 
evenly distributed over the left hemithorax. The 
electrodes are secured in position with adhesive 
tape and connected to the four channel electro- 
cardiograph by means of a four-way switching 
system. 


with the arms extended resting on the handlebars. A recording 
was taken from the 16 positions before exercise, immediately 
after and then 1, 3, 5, 8 and 10 minutes later. Recordings were 
then continued at 3 minute intervals, as necessary, until the 
electrocardiogram had returned to the pre-exercise state. 
Connecting the electrodes to the patient in preparation for the 
test took 10 to 15 minutes, and usually 15 to 20 minutes was 
required for the exercise test and postexercise recordings. 
Each 16 lead precordial map took about 10 seconds to record, 
and about 10 minutes was required to analyze a series of maps 
from a patient. 

Fifty-three of these patients were randomly selected to 
undergo, in addition, a graded maximal exercise test using a 
treadmill.!° All these patients had orthogonal three lead 
electrocardiograms using the Frank lead system® recorded 
before, during and at regular intervals after exercise using a 


FIGURE 2. Example of recording of the 16 posi- 
tions before and after exercise. The precordial 
area of S-T segment depression drawn as a con- 
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Hewlett-Packard 1513B three channel electrocardiograph. 
X and Z leads were placed in the fourth intercostal space. All 
exercise tests were recorded before the coronary arteriograms 
were obtained. 

The criteria of the Scandinavian committee on electro- 
cardiographic classification were used to interpret the exer- 
cise tests.!! S-T segment changes were measured from the P-Q 
segment, and the segment was considered depressed if there 
was a change of 1 mm or more lasting 0.08 second or longer. 
S-T segment elevation was measured 0.06 second from the end 
of the QRS complex and was considered significant if the value 
was 1 mm or more. Contour maps of the area of S-T segment 
change were drawn for each precordial surface map.!” 

Coronary arteriography: All patients had left ventricular 
angiography and coronary arteriogaphy performed with the 
Judkins technique.!? The radiologists and cardiologists who 
performed the investigation also interpreted the coronary 
arteriograms without knowledge of the exercise tests. 

Statistical analysis was performed using a chi square test 
and paired t tests. 


Results 


It was possible to obtain satisfactory recordings 
permitting measurement of the S- T segment changes 
in all patients. Figure 2 shows a typical example of the 
quality of recording obtained before and after exercise 
in a patient with a significant narrowing of the left an- 
terior descending coronary artery. Also shown is the 
contour map drawn of the area of S-T segment de- 
pression. It can be seen that the baseline is stable even 
immediately after severe exertion when a heart rate of 
150 beats/min has been achieved. It was not necessary 
to shave the chests of the men to obtain a satisfactory 
tracing, and no difficulties were experienced obtaining 
good tracings in the 16 women. 


FIGURE 3. Sequence of contour 
maps (with a sample electrocar- 
diographic complex taken from 
position C2 below) recorded before 
and after exercise in a patient with 
significant narrowing of the left 
anterior descending coronary ar- 
tery. S-T segment depression is 
present immediately after the end of 
exercise and increases in both area 
and severity during the first minute 
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TABLE | i 
Results of Coronary Arteriography in 109 Patients | 4 
Patients (no.) 
Single vessel disease 
Left anterior descending artery (LAD) 14 
Circumflex artery (LCx) 1 
Right coronary artery (RCA) 5 
Total 20 
Two vessel disease E 
Left main stem 4 T2 
LAD + LCx 11 3 
LAD + RCA 10 E 
RCA t LCx 4 n 
Total 29 d 
Three vessel disease 3 
Left main stem + RCA 10 7 
LAD + LCx + RCA 26 
Total 36 
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The maximal heart rate achieved with use of the 
bicycle ergometer ranged from 111 to 167 beats/min — 
(mean 148). In the 53 patients who also had an orthog- 
onal lead stress test, the maximal heart rate was 123 to J 
167 beats/min (mean 152) on the bicycle ergometer and 
130 to 167 beats/min (mean 152) on the treadmill (S 
20.05). 
Sequence of S-T changes in surface maps: 
Eighty-five of the 109 patients were found to have sig- — 
nificant (70 percent or greater) luminal narrowing of at 
least one major coronary artery (Table I). Figure 3 shows - 
the sequence of contour maps obtained before and after — 
exercise in a patient with significant narrowing of the | 
left anterior descending coronary artery. S-T segment - 
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depression is present immediately after the end of ex- 
ercise, and the area continues to increase over the first 
1 minute after exercise with a large central area of 
maximal S-T segment depression present. Thereafter, 
both the area and severity gradually decrease, returning 
to the resting state at 8 minutes. Sequential changes in 
the S-T segment similar to those seen in this patient 
were present in 75 patients. In a further eight patients 
S-T segment depression was present only in the re- 
cording made immediately after exercise. In 63 patients 


4 





differences were present in the amount of S- T depres- 
sion recorded in adjacent electrode sites. 

Correlation with coronary arteriographic find- 
ings: In 95 percent (81 of 85) of the patients with sig- 
nificant narrowing of a major coronary artery, a correct 
diagnosis was made using exercise precordial mapping 
(S-T depression in 61 patients, S- T elevation in 8 pa- 
tients and both S- T elevation and depression in 12 pa- 
tients). By comparison, the diagnosis was correct in only 
64 percent (54 patients) when the single chest lead (V5) 


s 
TABLE ll 
Details of the 11 Patients With a Positive Precordial Exercise Map and a Negative Orthogonal Lead Stress Test 
E Positions 
: Age Heart Rate Achieved Showing S-T 
js (yr) (beats/min) Site of Segment Coronary 
Case & Orthogonal Precordial Precordial Change Vessel(s) 
FRO: Sex Test Test Ischemia (no.) CAD 
0000 a i a es ee 
iE 1 55F 150 150 High ant 3 LAD 
E 2 49F 140 150 High lat 4 LCx 
m9 50M 160 167 Inf 2 RCA 
E 4 50M 135 125 High ant, 6 RCA, LAD, LCx 
M Inf 
B 5 45M 130 130 High ant 4 LAD 
59 35M 150 125 High lat 2 LCx 
7 45M 145 145 High ant 2 LAD 
8 52M 160 167 Low lat 3 RCA, LCx 
Inf 
9 36M 130 111 Low leat, 4 RCA, LCx 
Inf 
10 62M 160 150 High ant 2 LAD 
11 57M 130 130 Inf 1 LAD, RCA 





-Cx = left circumflex coronary artery; RCA = right coronary artery. 
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ant = anterior; CAD = vessel narrowing on coronary arteriography; inf = inferior; LAD = left anterior descending coronary artery; lat = lateral; 





















pre- 


exercise after after after 


exercise exercise exercise 

FIGURE 4. Patient with severe narrowing of the left anterior 
descending coronary artery. Exercise on both the bicycle er- 
gometer (precordial mapping, left) and the treadmill (orthogonal 
leads, right) was stopped because severe chest pain developed. 
An area of S-T segment depression in the high anterior part of 
the surface map was recorded after exercise. A sample complex 
recorded from position B2 is shown below each map. No S-T 
segment changes were seen using the Frank system of three 
orthogonal leads. X and Z leads were placed in the fourth in- 
tercostal space. 
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was used (P «0.01). Similarly, of the 53 patients who 
also had an orthogonal stress test, 40 were found to have 
significant narrowing of at least one major coronary 
artery; precordial surface mapping yielded a correct 
diagnosis in 95 percent (38 patients), whereas the or- 
thogonal lead system provided a correct diagnosis in 
only 68 percent (27 patients) (P «0.01). Detailed data 
on 11 of the 13 patients with coronary artery disease 
with a positive precordial exercise test and a negative 
orthogonal lead stress test are listed in Table II. Figure 
4 shows an example of the area of S-T segment depres- 
sion with a sample complex from a precordial surface 
map recorded 1 minute after exercise in a patient with 
a proximal stricture of the left anterior descending 
coronary artery. Figure 4 also shows the negative test 
using orthogonal leads in the same patient. 

False negative and false positive tesís: In 6 of the 
109 patients precordial surface mapping provided an 
incorrect diagnosis: Four had a false negative result and 
all showed significant coronary arterial lesions with 
obvious angiographic evidence of collateral circulation. 
The four patients achieved a mean work load of 38,250 
watt-sec and a mean peak heart rate of 142 beats/min. 
None had had a previous myocardial infarction in- 
volving that part of the myocardium supplied by the 
diseased vessels. Two of the 24 patients with normal 
coronary arteries or only minor irregularities had posi- 
tive S- T segment changes in the precordial surface map 
after exercise. Both were young women (mean age 38 
years); one had a prolapsing posterior mitral valve 
leaflet and the other had ventricular tachycardia during 
exercise. These two patients achieved a mean work load 
of 31,500 watt-sec and a mean peak heart rate of 143 
beats/min. 

Sensitivity and specificity: Comparison of exercise 
testing using precordial surface mapping, three or- 
thogonal leads and a single chest lead is shown in Table 
III. Precordial surface mapping had a significantly 
greater diagnostic accuracy than the other two tech- 
niques (P «0.01). 


Discussion 


Since the introduction of exercise electrocardiogra- 
phy as a routine investigation in the diagnosis of isch- 
emic heart disease, several reports!4!^ have correlated 
this technique with the findings at coronary arteriog- 
raphy. An improvement in the ability to identify pa- 
tients with the coronary artery disease was found after 
the introduction of multistage stress tests using a 
treadmill or bicycle ergometer.!6 Further modifications 
of the lead systems used has been accompanied by an 
increased diagnostic sensitivity, with 60 to 80 percent 
of patients with significant narrowing of one or more 
major coronary vessels having a positive response to the 
stress test.!^l" However, a significant number of pa- 
tients with advanced coronary arterial lesions will not 
be identified with these techniques. Because some of 
these patients have lesions amenable to surgery, wide- 
spread use of coronary arteriography has become nec- 
essary. It is clear therefore that the development of a 
noninvasive test that will more accurately identify pa- 
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TABLE lll 
Sensitivity and Specificity of Three Lead Systems 
Sensitivity Specificity 
(?6) (%) 

Precordial surface 95 92 
mapping 

Orthogonal lead 68 85 
system 

Single chest lead 64 92 
(Vs) 





tients who require coronary arteriography will bea 
considerable asset in the routine management of pa- — 
tients presenting with chest pain. 1 

Advantages of exercise precordial surface  : 
mapping: Precordial surface mapping has been used - 
to observe the changes in the S-T segment and Rand ` 
Q waves that occur after the development of an acute — 
myocardial infarction.!?1819 Theoretically, application 
of this technique to stress testing would have many  . 
advantages over use of the conventional lead systems. | 
However, this application has seldom been attempted — - 
because of technical difficulties including the time re- | 
quired to record a surface electrocardiogram and de- — 
velop a stable electrode system. Furthermore, the belief — - 
that it would be necessary to have multichannel elec- 
trocardiographic recorders with computer analysis 
precluded any widespread application. In this study we 
described a method for recording a 16 lead isopotential — 
precordial surface map with electrocardiographic 
equipment that is routinely used in clinical practice. | 
The equipment necessary differs little from that already 
used in the standard exercise laboratories. Although 
care must be taken when connecting the electrodes from 
16 precordial positions, it is possible to outline areas of | 
ischemia that are inaccessible to the standard electro- _ 
cardiograph. However, it is important to evaluate the 
false negative and false positive results. Four patients — 
with coronary artery disease but negative precordial — 
stress tests had obvious angiographic evidence of col- 
lateral blood supply from one of the major coronary _ 
arteries. We speculate that the collateral circulation was  - 
able to provide sufficient blood supply to meet these — 
patients’ metabolic requirements of exercise. These _ 
patients did not have severe intractable angina and it — 
is unlikely that they would have been helped much by  : 
insertion of a coronary bypass graft into the diseased  . 
vessel. Likewise, the false positive results can be un- 
derstood; mitral valve prolapse? is known to be asso- 
ciated with S-T segment changes and the development ~ d 
of ventricular tachycardia in a patient is likely to com- 
promise coronary blood flow with ensuing S- T segment 
changes. 

The limitations of the orthogonal lead system were 
previously shown by Kornreich.?! He identified nine - 
precordial electrodes that provided wave form infor- 
mation not available using the orthogonal leads. Surface — 
mapping does, in addition, add an extra dimension to - 
exercise electrocardiography. It provides a measure- 
ment of the area of S- T segment changes that are pro- 
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_ jected onto the front of the chest. It is therefore possible 
_ to evaluate objectively by noninvasive means the effects 
- of medical and surgical interventions. Each patient can 
— be used as his own control and a semiquantitative 
. measurement can be made of the area and severity of 
_ the S-T segment changes projected onto the front of the 
- chest before and after medical treatment and coronary 
- bypass surgery. 

Diagnostic sensitivity of method: Our study has 
shown that, as assessed from the findings at coronary 
_arteriography, the sensitivity of precordial surface 
mapping was 95 percent. This is an improvement on the 
results reported for the currently favored systems using 
- 12 leads? and 3 orthogonal leads even when computer- 
averaging techniques and multivariate analysis of S-T 
segment data are performed.?? A comparison in this 
_ study among precordial surface mapping, orthogonal 
system and a single chest lead showed surface mapping 
- to have a significantly higher sensitivity than the other 
two techniques although there was little difference in 





specificity. Clearly by recording from a large number of 
unipolar precordial positions small areas of ischemia 
were identified that might otherwise have been missed. 
This is exemplified by the relatively large number of 
patients (25 percent) who manifested S-T segment el- 
evation after exercise in the precordial map. This rate 
is higher than that previously reported using standard 
exercise tests.?? It is likely that recording over the entire 
left hemithorax will reveal a greater frequency of S-T 
segment elevation after exercise. 

Implications: This is a simple technique for re- 
cording the precordial surface map after exercise. Sur- 
face mapping is more accurate than recording with the 
orthogonal leads and single chest lead in identifying 
patients with coronary artery disease and has a greater 
sensitivity than that reported when the 12 lead elec- 
trocardiogram or vectorcardiogram?* is recorded after 
exercise. The technique is not unduly time-consuming 
and should be of value in patients presenting with chest 
pain, reducing the need for angiocardiography. 
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Fifteen patients with frequent anginal chest pain underwent diagnostic - 
cardiac catheterization. After coronary arteriography a specially designat 1 
cardiac catheter was seated in the aortic root, permitting the continuous - 
infusion of krypton-81m into the right and left aortic sinuses. A gamma | 
camera, areas of interest and a visual display unit were used to record - 
images and the regional myocardial equilibrium of activity before, during — 
and after a standardized atrial pacing test. The unique physical properties $ 
of krypton-8 1m allowed the continuous imaging and recording of moment 
to moment changes in regional myocardial perfusion. 3 
This investigation revealed that when the coronary arteriogram was 
normal or revealed luminal stenosis of less than 50 percent, region d 
myocardial perfusion was uniform at rest and during stress. Two patient S 4 
with a previous history of myocardial infarction had defects of region: al E 
perfusion at rest and during stress. Krypton scintigraphy demonstrate we 
reversible regional defects in myocardial perfusion during stress in seven 
patients with greater than 70 percent stenosis of one or more coronary - 4 
arteries. Alterations in regional myocardial perfusion occurred within 30 
seconds of the start of atrial pacing in all the patients and preceded the 
onset of electrocardiographic signs of ischemia or chest pain. dps F 
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Coronary arteriography is a technique that is now widely used in diag- | 
nosis and in the management of patients with chest pain. Unfortunately, — r^ 
this procedure does not provide a physiologic assessment of the clinical | 
significance of coronary arterial stenosis.! Krypton-81m can be contin- - 
uously eluted from its cyclotron-produced parent compound, rubid- - 3 
ium-81.? A constant infusion of this short-lived radionuclide was used | 
in the dog for continuous imaging and the measurement of changes in ` 
regional myocardial perfusion.? ; 3 
This paper describes the use of a new cardiac catheter for the constant — 
infusion of krypton-81m into the aortic sinuses in patients undergoing - 3 
cardiac catheterization for coronary arteriography. The equilibrium of | 
krypton-81m activity in the heart was continuously imaged to study the — 
relation between coronary arterial stenosis and disturbances of regional | 


myocardial perfusion at rest and during pacing. 3 
aa 

"jd 

Methods y 

Np 

Patients: Fifteen patients (13 men and two women, aged 32 to 59 years) were r 


admitted to Hammersmith Hospital with severe anginal chest pain. These pa- A 
tients were referred for cardiac catheterization either because a firm diagnosis . 
of ischemic heart disease was uncertain or because their symptoms were not — 
controlled by medical treatment. y 
Ten mg of diazepam were injected intramuscularly 30 minutes before the | 
procedure. After the administration of a local anesthetic, the right femoral artery - 3 
was punctured percutaneously and left ventricular angiography and selective 
coronary arteriography were performed using the Judkins technique. 4 The 
surface electrocardiogram (leads II and aVF) was monitored throughout the - 
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3 ; GL = 1. Radiograph and diagram of the specialized cardiac catheter 
seated in the aortic root. The loops of this catheter in the right and left 
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procedure. At the end of this procedure all of the patients were 
free of chest pain, and the electrocardiogram had returned to 
ontrol pattern. 

_ Catheter technique for krypton infusion: A no. 5Fr 
U.S.C.I. pacing wire was inserted into the right femoral vein 
using 





g a percutaneous puncture and sheath. The wire was ad- 
ed to the right atrium, and the pacing threshold was 
tes ed until it was less than 1 volt. 

_ A glass model and casts of the aortic root and thoracic 
aorta in man were used to design a catheter that would seat 
in the right and left aortic sinuses (Fig. 1). The catheters were 
manufactured from Kifa polyethylene tubing and molded 
using heat (Cookes, Copenhagen). The catheters were made 
with a specialized end (marked c in Fig. 2) that varied in width 
from 25 to 40 mm to accommodate aartic roots of different 
dimensions. Three holes of different sizes were punched on 
the outer surface of each loop. The sizes of the holes were 
varied so that when 7 to 15 ml/min of 5 percent dextrose was 
fused into the catheter, equal volumes of infusate were de- 
ed by each loop. A constant infusion pump and timed 
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lections from each loop were used to ascertain that equal 
nes were delivered into the right and left sinuses. 

_A guide wire and vessel dilator were used to insert a no. 
7F sheath into the right femoral artery. Eight thousand units 
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of heparin sulfate were injected intravenously. The sheath, 
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aptor (Cookes), was used to introduce a no. 6Fr 
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raightened with a guide _ 
| anced to the ascending - 
thoracic aorta. The guide wire was removed and an infusion - 
of heparinized saline (1,000 IU/liter-!) delivered through this 
catheter at a rate of 5 ml/min-!. The distal loop of the spe- 
cialized catheter was advanced into the left aortic sinus with 
the patient supine. A hand injection of 5 ml of Urovision (76 
percent) and X-ray screening were used to check the position. 
The patient was moved into the 45? left anterior oblique po- 
sition, and the proximal loop of the catheter was advanced into 
the right aortic sinus. 

_ Krypton-81m was continuously eluted in sterile 5 percent 
dextrose from a portable pyrogen-free store of rubidium-81 
(20 to 35 mCi). This solution was passed through a millepore 
filter (Millex, Millepore SA, Paris) and delivered to the cardiac 
catheter at a rate of 10 ml/min~! by a roller pump (Watson- 
Marlow MRHE 88). The activity delivered to the aortic si- 
nuses was calculated to be 5 to 7 mCi/min-! during the con- 
tinuous infusion. i 

Krypton scintigraphy: The patient’s chest was positioned 
within the field of a mobile gamma camera (EKCO N668F). 
The energy detection was set at 190 kev + 15 percent, and 
images of the myocardial distribution of krypton-81m were 
recorded by collecting 200,000 counts on Polaroid® film. 
Electronic gating and a visual display unit were used to con- 
struct two variable areas of interest and record regional 
myocardial counts per minute. Line spread function tests 
using a source within a heart in necropsy studies (closed chest) 
demonstrated a resolution at full width half maximum of 7 
mm for krypton-81m. j 

Krypton-81m scintigrams of the heart were recorded with 
each patient in the anterior, right anterior oblique and left 
anterior oblique positions. The left anterior oblique position 
was chosen for continuous imaging and regional myocardial 
measurement of counts per minute during transvenous pacing. 
The heart rate was increased by 10 beats/min at 2 minute in- 
tervals until the patient complained of chest pain, shortness 
of breath or discomfort or had a heart rate of 140 beats/min. 
Images were recorded throughout and for 10 minutes after the 
procedure. The maximal time required for krypton-81m 
scintigraphy was 20 minutes in each patient. At the end of 
each study the serial images were assessed independently by 
a radiologist and a cardiologist. 

When the patient was in the left anterior oblique position, 
two areas of interest were chosen for continuous recording of 
counts per minute during pacing. In the patients with normal 
coronary arteries or minimal disease (Patients 3, 5, 6, 7, 10 and 
12), counts were recorded from the aortic root and total 
myocardium during the first pacing test and from two myo- 
cardial areas of interest during a second pacing test. In the - 
remaining patients an area believed to be supplied by the most 
severely diseased artery was enclosed, and a second area that 
appeared to be supplied by a normal or mildly diseased vessel 
(less than 50 percent stenosis) was chosen. After the catheter 
and sheath were removed, 40 mg of protamine sulfate was 
injected intravenously for 10 minutes. 

The nature, purpose and potential dangers of the procedure 
were explained to each patient before the study. Signed con- 
sent, required by the hospital ethics committee, and isotope 
panel clearance were obtained before the studies were start- 
ed. | 





Results 
Ten minutes was the maximal time required to po- 
sition the catheter in the aortic sinuses. No evidence of 
instability or aortic valve dysfunction was found while - 


the catheter was in place (Fig. 1 and 2). Fifteen to 25 — 
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MYOCARDIAL PERFUSION USING KRYPTON -81m 


FIGURE 2. The variable dimensions of the specialized 
catheter are shown. a, b, c, r and a indicate the width of 
the specialized end. Three holes of unequal size on each 
loop allowed the infusion of krypton-8 1m into the right and 
left aortic sinuses. The curved shape of each loop pre- 
vented the catheter from engaging the coronary arte- 
ries. 


minutes were required to complete the investigations 
using krypton-81m. No complications such as chest 
pain, dysrrhythmias, embolism or any catheter-related 
complication occurred. 

Patients with normal or minimally diseased 
coronary arteries: Figure 3 shows a typical krypton- 
81m scintigram of the heart from a patient with no 
coronary stenosis. The aorta and aortic root are outlined 
by the catheter used to deliver the tracer. The myo- 
cardial distribution of krypton-81m during a continuous 
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infusion (steady state) is shown in the figure. The time 


required to record 200,000 counts for each image was 35 - 
to 95 seconds. No other structures were visible in the 
scintigrams. Counts recorded from equal sized areas of — 


interest over the heart and on background demon- 


strated that the background activity was always less : 
than 3 percent of the myocardial activity of krypton- | 


81m. 
In the patients with minimal or no coronary artery 
disease, the regional counts from the aortic root varied 


anterior view 





FIGURE 3. A typical scintigram recorded in 35 seconds 
by collecting 200,000 counts during a continuous infusion 
of krypton-8 1m into the aortic sinuses. The aorta, aortic 
root and myocardial distribution of tracer are shown in the 
anterior and left anterior oblique (LAO) views. No signif- 
icant background was detected. 
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_ Summary of 15 Patients Studied 
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ss than +7 percent during atrial pacing from 81 + 5 


min. The results of coronary and left ventricular angi- 
ography are summarized in Table I. Figure 4 shows 
 krypton-81m scintigrams recorded before, during and 
after cardiac pacing in a patient with normal coronary 
arteries. The scintigrams showed no change in the re- 
- gional myocardial distribution of krypton-81m activi- 
— Patients with severe coronary artery disease: A 
_52 year old man presented with a history of anterior 
myocardial infarction 1 year before the study. Physical 
examination revealed abnormal precordial pulsation 
ea atrial sound. Chest X-ray films showed cardiac 


nlargement. The left coronary arteriogram (Fig. 5B) 
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FIGURE 4. A series of krypton-8 im scintigrams recorded before (a), 
during (b and c) and after (d) cardiac pacing in a patient with normal 
coronary arteries. The four images show that the regional myocardial 
distribution of krypton-81m and perfusion do not change during 
stress. i 














EC Using the electrocardiographic criteria of the Minnesota Code. 
-LAD = left anterior descending coronary artery; L Circ = left circumflex coronary artery; RCA = right main coronary artery. 


beats/min (mean + standard deviation) to 140 beats/ 





Age Coronary Arterial Stenosis 
Case (yr) Presenting («5096 or 27096) Krypton Scans Electrocardiogram* 
. no. & Sex Symptoms LAD L Circ RCA Resting Stress Resting Exercise 
52M Heart failure >70% >70% 0 Abnormal Abnormal Q waves Q waves 
j V5-Vg Vo-Vg 
59M Angina on effort >70% 0 <50% Normal Abnormal Normal S-T depression 
51M Angina on effort <50% 0 0 Normal Normal Normal Normal 
50 F Angina on effort <50% >70% >70% Normal Abnormal Normal S-T depression 
44M Angina on effort 0 0 0 Normal Normal Normal Normal 
42M Angina on effort 0 0 0 Normal Normal Normal S-T depression 
50 F Spontaneous 0 0 0 Normal Normal Normal S-T depression 
| angina 
46M Anda on effort >70% 0 <50% Normal Abnormal Normal S-T depression 
57M Angina on effort >70% <50% >70% Abnormal Abnormal Q waves Q waves 
Vo-Ve, Vo- Ve, Ill, aVF 
| Ill, aVF 
10. 52M Angina on effort « 50 96 0 <50% Normal Normal Normal Normal 
Tb. 92M Angina on effort >70% 0 0 Normal Abnormal Normal S-T depression 
12 . 49M Angina on effort 0 <50% <50% Normal Normal Normal Normal 
13 44M Angina on effort >70% 0 0 Normal Abnormal Normal S-T depression 
i 14 52M Angina on effort <50% >70% >70% Abnormal Abnormal Normal S-T depression 
15 47M Angina on effort <50% 0 >70% Normal Abnormal Normal S-T depression 






showed severe disease of the left anterior descending 
coronary artery, and the left ventriculogram (Fig. 5A) 
showed anterior and apical dyskinesia. The krypton- 
81m scintigram (Fig. 5C) showed a permanent apical 
defect of activity, which was recorded at rest and during 
pacing. 

Figure 6 shows krypton-81m scintigrams recorded in 

a 46 year old man with intractable angina and severe 
stenosis affecting the left anterior descending artery. 
The regional myocardial distribution of krypton-81m 
activity at rest is shown with the patient in the left an- 
terior oblique position. The aortic root, free wall of the 
left ventricle and septum are shown (Fig. 6A). On atrial 
pacing at 110 and 130 beats/min, the myocardial dis- 
tribution of activity had changed, with increased per- 
fusion to the right ventricular wall (Fig. 6B). A region 
of diminished perfusion at the apex extended into the 
septum (Fig. 6C). This region was associated with pain 
and horizontal depression greater than 2 mm of the S-T 
segment in the electrocardiogram when pacing was 
stopped. Figure 5D shows the distribution of regional 
myocardial perfusion 5 minutes after pacing was 
stopped and demonstrates a return to the control state 
as in Figure 6A. 

Measurements of maldistribution or regional 
defects of myocardial activity: The krypton-81m 
scintigrams were graded normal when both judges 
identified no maldistribution or regional defects of 
myocardial activity in the serial scans. In addition, the 
initial regional counts per minute from the two areas in 
each patient were treated as 100 percent, and alterations 
during each test were calculated as percent change and 
plotted graphically (Fig. 7). Stable regional counts per 
minute of krypton-81m (+5 percent) were measured 
before atrial pacing in both groups. Similar changes in 
myocardial activity were measured in the two regions 
in patients with minimal (less than 50 percent) or no 


FIGURE 5. Results in a patient who 
had an anterior infarct 1 year before 
the study. The left ventricular an- 
giogram (A) shows anterior and 
apical dyskinesia. The coronary 
arteriogram (B) shows severe dis- 
ease of the left anterior descending 
artery. The krypton-8 1m scintigram 
(C) shows a permanent anterior 
and apical defect at rest (arrows), 
which was also seen during atrial 
pacing. LAO = left anterior 
oblique. 


coronary artery disease (Fig. 7A). Figure 7B shows 
the regional decrease of counts per minute in the myo- 
cardial areas supplied by significantly stenosed coronary 
arteries (stenosis 70 percent or greater) during atrial 
pacing. The temporal relations between these changes 
in regional perfusion, chest pain, pacing and electro- 
cardiography are shown. 

The maximal total dose of radioactivity delivered 
during the studies was 75 mrads. Approximately 7 
mCi/min of krypton-81m was delivered to the myo- 
cardium during each infusion. 


Discussion 


The management of patients with anginal chest pain 
may be difficult if a definite diagnosis of ischemic heart 
disease cannot be made or if symptoms are resistant to 
medical treatment. Medical management and the tim- 
ing of coronary arterial surgery may be aided by inves- 
tigation of the relations between symptoms, coronary 
disease and regional disturbances of myocardial per- 
fusion. Electrocardiography during and after exercise 
is a common method for investigating regional myo- 
cardial ischemia; however, a recent review considered 
some of the limitations and disadvantages of this 
technique.? Similarly, scintigraphy during exercise using 
thallium-201 is a relatively noninvasive method; how- 
ever, the low energy 80 kev emission, the heart to 
background ratio of activity, the long half-life of this 
tracer and the complex relation between flow and me- 
tabolism contained in these scans require more re- 
search. The selective intracoronary injection of ra- 
dioactively labelled microspheres and positron emission 
transaxial tomography are other techniques with ad- 
vantages as well as disadvantages.^? 

Advantages of krypton-81m scintigraphy: Kryp- 
ton-81m is an inert, freely diffusing, metastable 
breakdown product of rubidium-81 that is produced by 
a cyclotron. The half-life of this tracer is so short in 
relation to the range for myocardial blood flow per unit 
volume in man that, within the physiologic range, a 
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steady state equilibrium of activity in the myocardial 
water space depends mostly on perfusion, arterial 
concentration and radioactive decay. When myocardial 
flow per unit volume of tissue approaches the time 
constant for the decay of the isotope (3.2/min), then the 
washout of krypton-81m becomes significant, and this 


P. 


Ei 
L3 dn 
"1 =* 


en 
^ r 
a o o» 


p 9o 


a ors < a 


“x 
eos 
a um" VC 
^ bn ` » 
ru * 


» a 


be 
aT 
a 
(23 
* 
4 


FIGURE 6. Four scintigrams (left anterior oblique view) recorded in a 
46 year old man with intractable angina and greater than 70 percent 
stenosis of the left arterior descending artery and less than 50 percent 
stenosis of the right coronary artery. The images at rest (A) and with 
the heart paced at 110 beats/min (B) show the distribution of perfusion 
to the free wall of the left ventricle and the septum (arrows). The right 
ventricular wall is barely visible. Pacing at 140 beats/min (C) shows 
increased perfusion to the right ventricular wall and decreased perfusion 
at the apex and lower septum (arrows). The distribution of perfusion 
returned to control level within 5 minutes after pacing was stopped 
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physical constant has to be included in any quantitative 
calculation.? If the aortic sinus infusion is constant, this 
dynamic equilibrium permits the measurement of the 
regional myocardial activity of krypton-81m to inves- 
tigate moment to moment changes in regional myo- 
cardial perfusion.?9.10 

Krypton-81m emits a single 190 kev gamma ray that 
Is well suited to gamma camera detection. Attenuation 
and Compton scatter cause fewer problems with the use 
of krypton-81m than with the use of nuclides such as 
thallium-201. This study and experimental work dem- 
onstrated high count rates from the heart aided by a 
aegligible background of krypton-81m. Krypton-81m 
»rovides scintigrams of high spatial resolution with 
lynamic information and with each patient acting as 
iis own control. Thallium-201 scintigrams do not per- 
orm these functions and are accompanied by a rela- 
ively high background of activity. 

Experiments in dogs demonstrated that the cali- 
rated regional counts per minute of krypton-81m can 
neasure changes in regional perfusion of 0 to 3.0 ml/ml 
f myocardium/min.? This adequate systematic error 





artery disease (stenosis 70 percent or greater). 
The equilibrium of regional myocardial counts per 
minute was recorded in an area of the heart sup- 
plied by a severely stenosed (greater than 70 
percent stenosis) coronary artery (B) and in an 
area supplied by a normal or minimally diseased 
(less than 50 percent stenosis) coronary artery (A). 
Regional perfusion was stable before the stress 
test. Perfusion during pacing increased in the 
normal area but remained unchanged and then 
decreased in the area supplied by the severely 
stenosed artery. The temporal relation between 
perfusion, electrocardiographic changes and pain 
is shown. ECG = electrocardiographic; n = 
number; S.E.M. = standard error of the mean: S.D. 
— standard deviation. 
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suggests that the delivered arterial concentration and 
mixing of krypton-81m in the aortic sinuses are suffi- 
ciently stable and relatively insensitive to changes in 
heart rate, blood pressure and cardiac output. The 
particular vortex pattern of blood flow in the aortic si- 
nuses favors mixing and supports this view.!2 However, 
further experiments are required to test the mixing and 
delivered arterial concentration of krypton-81m under 
various circumstances. In our patient studies the aortic 
root activity remained stable (+5 percent) while atrial 
pacing caused changes in the regional myocardial dis- 
tribution of activity. This suggests that the sinuses 
contain a mixed and sufficient reserve of krypton- 
81m. 

We introduced a new cardiac catheter that can be 
seated in the right and left aortic sinuses, maintain a 
stable position and allow the constant infusion of equal 
volumes of 5 percent dextrose and krypton-81m below 
the coronary ostia. This catheter cannot engage the 
coronary ostia because of the specialized curved ends 
seated in each sinus. The continuous imaging demon- 
strated uniform ventricular perfusion at rest and during 


stress in patients with normal coronary arteries. Re- 
versible and permanent disturbances of regional myo- 
cardial perfusion were observed in relation to stenosed 
coronary arteries. This information may provide a 
better understanding of the relation between chest pain, 
the electrocardiogram and the stenotic lesions seen in 
the arteriogram and may help the cardiac surgeon to 
determine which regions of the myocardium are affected 
by permanent or reversible disturbances of perfusion. 

Disadvantages of krypton-81m scintigraphy: This 
technique has several disadvantages. The use of kryp- 
ton-81m is invasive and prolongs the catheterization 
procedure. There is a limited time available for leaving 
any catheter in the femoral artery and aortic sinuses. 
The procedure can be performed only in patients re- 
quiring cardiac catheterization. The quantitation of 
blood flow in man as ml/g per min from the washout of 
krypton-81m has not yet been tested. The geometric 
relation between the heart and the gamma camera is 
complex, and careful positioning with multiple views 
is required to identify regions of the heart. The portable 
generator containing rubidium-81 can be transported 
and has a useful life of 15 to 20 hours. 


P 
i 





Clinical implications: This study demonstrated the 
continuous infusion of krypton-81m into the aortic si- 
nuses in patients with anginal chest pain. This tech- 
nique allows continuous imaging and the assessment of 
moment to moment changes in regional myocardial 
perfusion that can be used as a physiologic test of 
stenotic lesions seen in the coronary arteriogram. Atrial 
pacing in patients with 70 percent or greater luminal 
stenosis of a coronary artery demonstrated that the 
regional myocardial activity of krypton-81m repre- 
senting perfusion was disturbed within 1 minute of the 
onset of the stress test. This result was consistent and 
always preceded the later development of electrocar- 
diographic changes and chest pain. Perfusion to regions 
of the myocardium supplied by coronary arteries with 
minimal or no disease appeared to increase. In contrast, 
perfusion in areas supplied by arteries with 70 percent 
or greater stenosis was unchanged initially but later 
decreased. This difference is probably due to the rigid 
severe stenosis, the marked differences in resistance to 
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blood flow in the two regions (coronary steal) and the 


increased resistance to flow in the ischemic segment of — 


ventricular myocardium. 
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Fifteen patients with intractable angina pectoris underwent coronary 
angiography and coronary arterial bypass graft surgery. After the oper- 
ation, a continuous infusion of krypton-8 1m was delivered into each graft. 
A gamma camera and multichannel analyzer were used to record the 
regional myocardial distribution of perfusion provided by each graft. The 
disappearance of myocardial activity at the end of each infusion was used 
to calculate the flow per unit volume in the myocardial distribution pro- 
vided by each vessel. Myocardial perfusion proviced by the grafts to all 
the major coronary arteries were recorded individually as high spatial 
resolution images. Myocardial flow rates in the distribution of each graft 
were measured using the washout of krypton-8 1m. The rates were 0.5 
to 2.0 ml/g per min in the 13 patients with no evidence of previous myo- 
cardial infarction. Krypton-81m was infused into grafts to the left anterior 
descending coronary artery in two patients with a history and electro- 
cardiographic evidence of previous anterior myocardial infarction. The 
grafts provided poor perfusion to the anterior and apical portions of the 
ventricles. An experimental model of myocardial perfusion was used to 
demonstrate that the washout of krypton-81m can be used to measure 
flow per unit volume within or above the physiolocic range. 


Patients with angina pectoris and incapacitating symptoms who fail to 
respond satisfactorily to medical therapy now undergo coronary angi- 
ography and coronary arterial bypass graft surgery.! The aim of this 
operation is to provide blood flow to segments of ventricular myocardium 
when the coronary arteries are narrowed due to atherosclerosis. Direct 
measurements of the ability of these grafts to provide regional myocar- 
dial perfusion will provide an important initial assessment of the effec- 
tiveness of this operation. This study used krypton-81m and a gamma 
camera at the time of coronary arterial surgery to assess the ability of 
each graft to provide nutrient perfusion to ventrieular myocardium.? 


Methods 
Clinical Study 


Patients: Fifteen patients (12 men and 3 women, aged 46 to 63 years) were 
admitted to Hammersmith Hospital with severe anginal chest pain. These pa- 
tients were referred for cardiac catheterization and coronary arteriography be- 
cause of severe, exercise-induced angina that was not controlled with medical 
treatment. 

The 12 lead electrocardiogram was normal at rest in 13 of the patients but 
showed evidence of anterior myocardial infarction in 2.° All of the patients had 
a positive exercise test using 16 lead precordial mapping of the electrocardiogram 
and a bicycle ergometer.4-6 

Left ventriculography and coronary arteriography were qualitatively assessed 
by a radiologist and a cardiologist. Coronary arterial stenosis was considered 
important when the decrease in diameter was 70 percent or greater and unim- 
portant when the decrease was 50 percent or less. The assessments conflicted 
in two patients; their angiograms were reexamined and a third opinion was ob- 


FIGURE 1. Regional myocardial distribution after infusion of krypton- 
81m into the bypass vein graft. The outline of the heart (A), the kryp- 
ton-8 1m delivery tube (B), the graft (C) and the myocardial distribution 
of perfusion (D) are shown. A, infusion into a graft to the left anterior 
descending coronary artery. B, infusion into a graft to the left circumflex 
coronary artery. C, infusion into a graft to the right main coronary artery. 
D, infusion into a graft to a diagonal branch of the left circumflex cor- 
onary artery. E, infusion into a graft to a branch of the right coronary 
artery in the atrioventricular groove. 
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FIGURE 2. This patient had a history and electrocardiographic evidence 

- 9f previous anterior myocardial infarction. Krypton-8 1m was infused 
a graft to the left anterior descending coronary artery. In contrast 
n to Figure 1A, no perfusion is provided to the anterior and apical regions 
- Of the ventricles. A represents the outline of the heart, B the infusion 


- of krypton-8 1m, C the venous graft and D the limited perfusion provided 


b 


.. to the previously infarcted segment of myocardium. 


y 


hs 


PUE 


Wa- 


_ tained. The left ventricular angiograms were normal except 


in the two patients with electrocardiographic evidence of 


anterior infarction; the angiograms of these two patients re- 
_ vealed anterior dyskinesia. One patient had 70 percent or 
- greater stenosis of the left anterior descending coronary artery 
_ alone. Two patients had 70 percent or greater stenosis of the 
- left circumflex and right coronary arteries. Four patients had 
. Stenosis of the left anterior descending and right coronary 
- arteries, and six patients had triple vessel disease. 
. Surgical procedure: Bypass graft surgery was performed 
using a saphenous vein between the aorta and coronary arte- 
_ ries. Cardiac arrest was induced by cross clamping the aorta 
_ and infusing a cardioplegic solution.’ The saphenous veins 
' were anastomosed to the coronary arteries while the body 
- temperature was 30? C and the myocardial temperature was 
_ 10° C. The heart was restarted for the anastomosis of the sa- 
_ phenous veins to the aorta. At the end of the procedure, when 
_ the patient was off cardiopulmonary bypass, the isotope 
eo were performed during the 15 minute period required 
_ to ensure that the patient's cardiovascular state was satis- 
_ factory before the chest was closed. 
_ Krypton perfusion studies: Krypton-81m was contin- 
uously eluted in sterile 5 percent dextrose from a portable 
_ pyrogen-free store of rubidium-81 (20 to 35 mCi).5 This so- 
- lution was passed through a millepore filter (Millex, Millepore 
À SA, Paris) and delivered to the patient at a rate of 5 to 7 
ml/min with a roller pump (Watson Marlow MRHE 88).? The 
activity delivered to the patient was calculated to be 5 to 7 
-mCi/min during the continuous infusion. A mobile gamma 


gera (EKCO N663F) was positioned over the patient's 
chest, 4 to 8 cm from the heart. The anterior view was used 
"throughout. The infusion of krypton-81m was connected to 
100 cm of sterile Portex* 160 tubing, which was positioned by 
the surgeon as a loop and fitted around the heart within the 
field of the gamma camera to identify the position and outline 
of the heart when using the gamma camera. The energy de- 

tection was set at 180 kev + 15 percent, and images of the lo- 


cation of krypton-81m within the tube were recorded by col- 


lecting 200,000 counts on Polaroid? film. Two areas of interest 
were enclosed on a visual display unit to record regional 
myocardial counts per minute on a multichannel analyzer (ND 
100, Nuclear Data, Chicago). 

Line spread function tests using a source within the heart 
in necropsy studies and the same geometric circumstances 
demonstrated a resolution at full width half maximum of 7 
mm for krypton-81m. 

After recording the position and outline of each heart within 
the field of the camera, the surgeon used the 100 cm tubing 
and a 28 gauge needle to deliver krypton-81m in 5 percent 
dextrose to each graft. The needle was inserted into the 
anastomosis joining each graft to the aorta. The visual display 
unit was used to check the activity in the aorta and the graft. 
When the analyzer showed that an equilibrium of counts per 
minute had been achieved in the myocardium, 200,000 counts 
were recorded on Polaroid film. An area of interest was se- 
lected on the visual display unit to include the regional myo- 
cardial activity of krypton-81m. A similar sized adjacent area 
was selected to show that the background was less than 3 
percent throughout each study. 

The multichannel analyzer recorded and displayed the 
equilibrium of regional myocardial counts per minute for 5 
minutes. The needle and the infusion of krypton-81m were 
then abruptly removed, and the analyzer recorded the dis- 
appearance of activity from the myocardium for 5 minutes. 
Regional myocardial counts were recorded until they returned 
to within 1 percent of the counts at equilibrium. Because of 
the low background (less than 3 percent) and the high reso- 
lution of krypton-81m, it was not difficult to select an area of 
myocardial activity for regional analysis (see Fig. 1A). 

The equilibrium and disappearance of the regional myo- 
cardial activity of krypton-81m were replotted in logarithmic 
form. A straight line was calculated through the data using a 
least squares fit. The data were corrected for the half-life of 
the isotope. The half-time for the slope of this line was de- 
termined, and the value was used to calculate the flow per unit 
volume according to the theory and methods of Ross et 
al.!9 


Experimental Study 


A model of myocardia! perfusion was constructed using 
100, 200 and 300 ml volumetric flasks. Each flask was fitted 
with a stopper that carried inlet and outlet tubing. The flasks 
and tubing were filled with a solution of sucrose in water 
(specific weight 1.05) and connected to a roller pump (Watson 
Marlow MRHES88) and reservoir. The model was constructed 
so that the pump could be used to deliver 0.1 to 3.0 ml/ml per 
min through each of the volumetric flasks separately. Each 
flask was positioned within 4 cm of the gamma camera. 
Krypton-81m was continuously eluted in 5 percent dextrose 
and delivered by a constant infusion (7 ml/min) as described 
earlier. The krypton-81m infusion was delivered into the inlet 
tubing. 

Flow per unit volume through each flask was varied from 
0.1 to 3.0 ml/ml per min and measured using a timed collec- 
tion. Krypton-81m was delivered as a constant infusion at 
each flow rate. Areas of interest on the visual display that 
completely enclosed the image of activity in each flask were 
constructed. The gamma camera, visual display and analvzer 
recorded an equilibrium of activity in each flask at each flow 
rate. Background activity from an equal sized area was always 
less than 3 percent of the flask activity. The krypton-81m 
infusion was then stopped and a disappearance curve re- 
corded. These data were used to calculate flow per unit volume 
as described earlier. The measured and calculated flow rates 


d i 


were a E using T regression analysis. Five of the 


_ flow rates that were measured directly and calculated using 
— krypton-81m were repeated once to determine the random 


- errors of the method.? 


Results 


. Clinical Study 


One to 3 minutes was required to record the regional 
myocardial activity of krypton-81m during the infusion 
into each venous graft. There were no complications. 

Regional myocardial perfusion of krypton-81m: 
'The outline of each heart was recorded using the kryp- 
ton-81 m-filled tubing. The heart and camera were not 
moved during the study so that the subsequent images 
of the regional myocardial distribution of perfusion 
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FIGURE 3. A typical curve of the myo- 
cardial equilibrium of activity during a 
continuous infusion of krypton-8 1m into 
a graft to the left anterior descending 
(LAD) coronary artery, and disappear- 
ance curve on abrupt removal of the 
infusion. A logarithmic plot, straight line 
fit and correction for the decay of 
krypton-8 1m allowed the half-time of 
the slope to be used for the calculation 
of flow per unit volume in the myocar- 
dial distribution of each graft. K = a 
constant; À — partition coefficient of 
krypton, taken as 1; W — unit weight of 
myocardium; 6 = specific weight of 
myocardium, taken as 1.05. The half 
time (T > sec) was used to calculate 
the constant K (K = log e?/T 1/2), which 
was multiplied by the partition coeffi- 
cient (A = 1 for krypton-8 1m) and the 
unit weight of myocardium (W). This 
value was divided by the specific 0 
weight of myocardium (ô = 1.05) to 0 20 
give flow per gram of myocardium per 

minute. 
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provided by each graft could bi positdiped within ies i; 
outline. Each image clearly showed the infusion cathe om 
ter, the needle hub, the graft and the myocardial dis- _ k 
tribution of activity. Figure 1 shows the regional myo- d 
cardial distribution of krypton-81m recorded during _ 
infusions into grafts to the left anterior descending 
coronary artery, the left circumflex coronary artery, the | 5 
right coronary artery, a diagonal branch of the left cir- — 
cumflex coronary artery and a diagonal branch of the 
right CORR artery in the atrioventricular groove. — E 
Figure 2 shows the graft to the left anterior de- 
scending coronary artery in a patient with a history and 
electrocardiographic and angiographic evidence of 3 
previous anterior myocardial infarction. The krypton- . ae 
81m infusion into the graft did not show a distribution _ 
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of blood flow to the apical and anterior portions of the 
ventricles. 
Equilibrium and disappearance curves (calcu- 


- lated perfusion flow rates): A myocardial equilibrium 
— of activity was achieved during each infusion of kryp- 
. ton-81m. Typical equilibrium and disappearance curves 


are shown in Figure 3, with the logarithmic plot of the 
activity showing the straight line fitted to the observa- 
tions. A total of 16 grafts supplying areas with no evi- 


- dence of infarction were inserted into the left anterior 


descending coronary artery; the calculated flow per unit 


— volume in these grafts was 0.5 to 2.1 ml/g per min (1.13 


+ 0.32, mean + standard deviation). The perfusion 
provided by 10 grafts to the right coronary artery was 
0.60 to 1.8 ml/g per min (mean 1.10 + 0.20), by five 
grafts to the left circumflex coronary artery 0.50 to 1.40 


. ml/g per min (mean 0.86 + 0.30), and by four grafts to 
branches of the left circumflex and right coronary ar- 


-teries 0.45 to 0.98 ml/g per min (mean 0.50 + 0.15). Two 


grafts inserted into the left anterior descending coronary 
artery in patients with a history and electrocardio- 
graphic evidence of previous anterior myocardial in- 
farction both provided a calculated perfusion of less 
than 0.40 ml/g per min. 


Experimental Studies 


‘Twelve estimations of flow per unit volume of 0.5 to 3.0 
ml/ml per min were made in each of the three flasks 


-using a timed collection (direct measurement) and the 
- corrected washout of krypton-81m (calculated mea- 


surement). The agreement between the measured and 


- the calculated values was significant (P = 0.001, r = 


0.87, n = 36, y = 0.808x + 0.160). Flow rates directly 


measured at and below 0.4 ml/ml per min could not be 


calculated from the washout of krypton-81m because 


_ the disappearance curve was dominated by the rapid 
radioactive decay of the nuclide. When 15 estimations 
- were repeated using the same measured flow rates, there 


was good agreement between the paired determinations 


- using krypton-81m (P = 0.001, r = 0.91, n = 15, y = 
.. 1.06x + 0.07). 


Discussion 


Atherosclerosis causes segmental rigid narrowing of 
large coronary arteries and thus limits the changes in 
pulsatile blood flow necessary to meet myocardial 
metabolic requirements. Patients with angina pectoris 


. resistant to medical therapy are now referred for coro- 


nary angiography and coronary arterial bypass graft 
surgery. The rationale for this operation is that the vein 


graft effectively bypasses the stenosed artery and re- 
Stores regional perfusion to jeopardized myocardium. 


Factors that might affect the outcome of this procedure 


. include the origin of each graft in the aorta, the ability 


of the veins to conduct arterial blood flow, the technical 


- aspects related to the anastomosis, the presence of 
. disease in the distal portion of the grafted coronary 
. artery and perioperative myocardial infarction. 


Bypass graft function has been assessed using the 


. electromagnetic flow probe, the selective injection and 





washout of xenon-133 and the selective injection of ra- 
dioactively labelled microspheres. These techniques 
provided information about blood flow and the volume 
of distribution of each graft.!1-1? | 

Graft infusion of krvpton-81m as a measure of 
myocardial perfusion: Krypton-81m is inert and freely 
diffusing and has a half-life of 13 seconds. A continuous 
infusion of this gas dissolved in 5 percent dextrose was 
introduced to allow partitioning of the tracer at the 
anastomosis between the aorta and the graft. The 
infusion resulted in a steady state equilibrium of activity 
within a region of myocardium. The time constant for 
the decay of krypton-81m (3.2 half lives/min) is short 
in relation to the physiologic range for myocardial blood 
flow (0.5 to 1.5 ml/g per min). The myocardial equilib- 
rium of krypton-81m activity depends principally on 
perfusion and decay because most of the isotope decays 
within the myocardial water space. The steady state 
distribution of myocardial activity using an infusion of 
krypton-81m in this manner will reflect the distribution 
of perfusion provided by each graft to ventricular 
muscle.?? In addition, the short half-life and the 190 kev 
gamma ray of krypton- 81m allow the distribution of 
blood flow provided by each graft to be separately as- 
sessed in high spatial resolution images with no signif- 
icant background. Repeat measurements are possible 
because half-life of this isotope is 13 seconds and thus 
the dose of radiation to the patient is relatively small. 

The arterial concentration of krypton-81m delivered 
in each graft was not measured. The quantitation of flow 
in physiologic units was only possible using the washout 
of this inert, freely diffusing indicator from an equilib- 
rium of activity in the myocardium. The logarithmic 
plot of the disappearance curves provided a linear 
function that had to be corrected for the marked effects 
of the rapid radioactive decay of krypton-81m. Exper- 
imental studies were required to confirm that sufficient 
activity remained to record the disappearance of ac- 
tivity due to flow. The model showed excellent sys- 
tematic and random errors for estimation of flow per 
unit volume using krypton-81m within and above the 
physiologic range. 

Possible limitations of method: Several limitations 
became apparent during this study. A fixed geometric 
relation between the heart and the gamma camera did 
not allow an assessment of the distribution of flow in 
three dimensions. An appreciation of depth is lost when 
a gamma camera is used in this manner. Measurement 
of flow per unit volume below 0.4 ml/g per min was not 
possible because the half-life of the isotope is so short 
that the decay of krypton-81m dominates the disap- 
pearance of activity from the myocardium at low flow 
rates. After correction of the disappearance curves, in- 
sufficient data remain to calculate washout due to flow. 
While recording the disappearance of activity from the 
myocardium, a small reservoir of krypton-81m within 
the graft is probably still flowing into the mvocardial 
compartment. In addition, the washout of krypton-81m 
from this compartment is probably influenced by the 
existing perfusion from the patient's native circulation. 
The final estimation of flow per unit volume is therefore 
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probably an overall value of flow provided by the graft 
and the patient’s own coronary circulation. 
Implications of study: It is possible to record the 
distribution of regional myocardial perfusion provided 
by each graft at the time of coronary arterial bypass 
graft surgery and to measure perfusion within the dis- 
tribution of each graft before the chest is closed. It is 
important to follow up and assess the function of these 
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: Reliability and Reproducibility of Two Dimensional Echocardiographic 
_ Measurement of the Stenotic Mitral Valve Orifice Area 


A wide angle phased array sector scanner was used to find the optimal 


. method, the reliability and the reproducibility of measuring the mitral valve 


area with two dimensional echocardiography in patients with rheumatic 
mitral stenosis. Initial experience with 18 patients revealed that tracing 
the early diastolic actual black-white interface of the perceived orifice 
was the most reliable method for drawing the mitral valve orifice area. 
Good interobserver correlation was obtained when two observers used 
either method to calculate the mitral valve area (r — 0.93). Similarly good 
intrastudy reliability was obtained when any one observer applied one 
measurement method to different diastolic cycles within the same study 
(r = 0.89). The phased array two dimensional echocardiogram properly 
differentiated patients with critical mitral stenosis from those with non- 
critical mitral stenosis, but the correlation between the echocardio- 
graphically and the hemodynamically derived mitral valve areas was less 
good than previously reported (r — 0.83). Imaging a test object with varied 
known orifice sizes and excised stenotic mitral valves of known orifice 
Size with a phased array and mechanical sector scanner failed to reveal 
superiority of either instrument. Further testing with a phased array in- 
strument revealed that the perceived orifice was critically dependent on 
receiver gains settings for any transmitted power level. Receiver gain 
settings too low led to image dropout, indicating a falsely large orifice. 
Receiver gain settings too high led to image saturation, indicating a falsely 
narrowed orifice. Six additional patients with predominant mitral stenosis 
later underwent imaging with strict attention paid to individual receiver 
gain settings. Combining the data from these 6 patients with those from 
the initial 18 patients gave a better correlation between the echocardio- 
graphic and hemodynamic calculated mitral valve areas (r — 0.92). 

Accurate noninvasive measurement of the mitral valve area with two 
dimensional echocardiography in patients with mitral stenosis appears 
to depend on use of the proper echocardiographic technique to localize 
the true commissural edge of the valve in early diastole, the correct in- 
strument settings and the appropriate method for drawing the perceived 
orifice. The noninvasive measurement of the mitral valve orifice with two 
dimensional echocardiography in mitral stenosis provides clinically useful 
data that are reliable and reproducible if these factors are taken into 
account. 


The accurate noninvasive measurement of the mitral valve area in pa- 
tients with mitral stenosis is desirable for clinical care. Although con- 
ventional single dimensional echocardiography is a sensitive noninvasive 
method for documenting the presence of rheumatic mitral disease, it is 
of limited value in predicting the severity of mitral stenosis.! Two di- 
mensional echocardiography produces dynamic cardiac images in mul- 
tiple cross-sectional planes through the great vessels, valve structures 
and ventricular chambers. One early application of this new noninvasive 


FIGURE 1. Two dimensional short 
axis early diastolic images from a 
patient with mitral stenosis, taken to 
reveal the proper technique for lo- 
calizing the true mitral valve orifice. 
With the transducer held stationary 
on the patient's chest, the interro- 
gating beam has been swept from 
the base of the heart (A) to the level 
of the papillary muscles (D). A is at 
the level of the aorta (Ao) and an 
enlarged left atrium (LA). Note the 
nice trileaflet appearance of the 
normal aortic valve. B is through the 
body of the anterior mitral valve 
leaflet (white arrow) revealing 
bowing of this midportion of the 
anterior mitral valve leaflet into the 
left ventricular outflow tract. In C 
the transducer beam has been 
swept further apically to intersect 
the true valve orifice (MVO) at the 
commissural edge of the stenotic 
valve (white arrow). D demon- 
strates further apical beam 
sweeping to intersect the left ven- 
tricle (LV) (arrow) at the level of the 
papillary muscle (PAP). A = ante- 
rior; L = left; P = posterior; R = 
right. 


technique has been the measurement of mitral valve 
orifice area in patients with rheumatic mitral valve 
disease.” All groups have shown a good correlation 
between the mitral valve area visualized with two di- 
mensional echocardiography and that measured directly 
at surgery or determined from cardiac catheterization 
findings. We undertook this study to find the optimal 
method, the reliability and the reproducibility of mea- 
suring mitral valve area with two dimensional echo- 
cardiography in patients with mitral stenosis. Addi- 


tionally, we attempted to identify potential sources of 


error or variability in the echocardiographic quantita- 
tion of the mitral valve orifice, in order to view the 
clinical utility of this method in proper perspective. 


Methods 


Patient Selection 


During an 18 month period, 32 patients with the clinical 
diagnosis of mitral stenosis who were being evaluated for 
possible mitral valve replacement underwent two dimensional 
echocardiographic studies and cardiac catheterization. The 
two dimensional echocardiographic studies were usually 
performed within 2 days of, but at most within 2 months of, 
the hemodynamic studies. The hemodynamic data were un- 
known to us at the time of the echocardiographic studies and 
their analyses. The patients were separated into two groups: 
Group I, the initial 22 patients, and Group II, an additional 
10 patients. Four patients from Group I were excluded from 
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the final data analysis because of severe mitral regurgitation 
(two patients), rapid atrial fibrillation (one patient) and in- 
adequate catheterization information (one patient). Four 
patients were likewise excluded from Group II. Therefore, the 
final study group consisted of 24 patients (18 in Group I, 6 in 
Group II) with predominant mitral stenosis and no more than 
a trace of mitral regurgitation. No patient was excluded on the 
basis of an inadequate echocardiographic study. Group II was 
also studied prospectively but after we had the examined the 


results of data analysis on the 18 patients in Group I and had | 


performed in vitro testing with a test object having varied 
known orifice areas and with surgically removed stenotie 
mitral valves of known orifice size. 

Catheterization method: All patients underwent left and 
right heart catheterization using the percutaneous Seldinger 
technique. Simultaneous left ventricular and pulmonary ar- 
terial wedge pressures were used to calculate mitral valve 
gradients. The cardiac output was obtained according to the 
Fick method. The mitral valve orifice area was calculated 
using the Gorlin formula.® 


Echocardiographic Equipment 


'Two dimensional echocardiographic studies were obtained 
using a phased array sector scanner developed at Varian As- 
sociates corporate research laboratories and undergoing 
clinical evaluation in the Stanford University Cardiology 
Division. This imaging system uses a hand-held 32 element 
2.25 megahertz transducer array that measures 1.3 cm by 1.2 
cm at the site of skin contact, and it relies on the phased array 
principle to steer the ultrasonic beam through an 80? pie 
slice-shaped sector of a circular plane.? Images are presented 
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— tion is 1.5 to 2 mm. Resolution out of the image plane (third 
_ dimension) is 3 to 7 mm. This system differs from the two 
— dimensional phased array system previously described by von 
f Ramm and Thurstone® because the former has a fixed acoustic 
_ focus rather than a dynamic focus during the transmission and 
_ receiving periods. 
___ Images are recorded on video tape for later playback and 
k review. Analysis can be performed during playback at real- 
- time speed, slow motion speed and stop-action. Single-frame 
photographs of the video monitor were made with a Polaroid® 
- camera. Such static images are degraded optically because 
_stop-action pictures show only a single field of a complete two 
field video frame. Equally important is the loss of visual in- 
tegration of motion normally occurring as one views the dy- 
namic recordings. 
Light-pen systems: The echocardiographic measurements 
of the mitral valve area were obtained using a previously de- 
_ scribed light-pen computer system developed in the Stanford 
Cardiology Division for quantitative angiographic analysis.? 
- A prototype light-pen computer system developed by Varian 
Associates was also used. | 


. Study Procedure 


Locating the mitral valve orifice: All patients were 
studied at rest in the 30? left lateral decubitus position with 

- the head elevated. The left ventricular long and short axis two 
- dimensional echocardiographic examination procedure was 
_ similar to that previously described.? The transducer is placed 
_ in the third to fifth left intercostal space at the left sternal 
margin so that the image plane is parallel with the long axis 
of the left ventricle. Short axis left ventricular images are 
obtained by rotating the transducers 90? clockwise so that the 
viewed plane is perpendicular to the left ventricular long axis. 
The derived short axis images are presented as if one were 

. viewing the heart from the foot of the patient's bed. In all 
patients care was taken to locate the true mitral valve orifice 
by beginning the short axis sweep at the level of the aorta and 
the left atrium and slowly bringing the echocardiographic 
imaging plane toward the left ventricular apex through the 
funnel-shaped mitral valve apparatus. The beam was swept 
caudally through the orifice until it intersected the ventricle 
at the level of the papillary muscles. Then the transducer was 
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FIGURE 2. Same patient as in Fig- 
ure 1. A diastolic (left) and systolic 
(right) long axis view of the stenotic 
mitral valve. In long axis, the ante- 
rior mitral valve leaflet appears 
bound at both its commissural edge 
and at its insertion into the mitral 
anulus at the level of the posterior 
aortic wall (Ao). This causes 
marked bowing of the midportion of 
the anterior mitral valve leaflet 
(white arrow, left panel) into the 
left ventricular outflow tract in early 
diastole. The right panel demon- 
strates the systolic position of the 
mitral valve apparatus anc the open 
left ventricular outflow tract (LVOT). 
CA = cardiac apex; CB = cardiac 
base; other abbreviations as in 
Figure 1. 


gradually swept back in a cephalad manner until the orifice 
was seen just cephalad to the papillary muscles and chordal 
structures (Fig. 1). By carefully performing this maneuver, 
the "true" mitral valve orifice was located at the commissural 
tip of the mitral valve leaflet. Care was taken to examine the 
mitral valve orifice in early diastole and to clarify the image 
by altering the transmitting power. 

Testing with a test object and surgically removed 
stenotic mitral valves: After analysis of the correlation of 
the hemodynamically derived mitral valve area with that of 
the echocardiographically derived mitral valve area in patients 
in Group I, an attempt was made to determine why the cor- 
relation obtained in this study was somewhat lower than that 
reported previously. Therefore a test object was made of 
loosely reticulated foam with five circular calibrated holes 
punched out. This test object was then submerged in a water 
bath and the orifices were imaged with both a phased array 
wide angle sector scanner and a 30? mechanical sector scan- 
ner?? varying the transmitting power for both instruments. 
In addition, two surgically removed intact stenotie mitral 
valves, whose orifice size had been both directly traced and 
determined with planimetry, were also imaged in the water 
bath. During the imaging procedure for both the foam test 
object and the natural stenotic valves, alterations in the 
phased arrayed receiver gain levers that controlled the re- 
ceived echoes from the test object and intact valves were made 
in a 5 db step fashion from image dropout to image satura- 
tion. 

Alterations of receiver gain: Patients in Group II also had 
serial 5 db alterations in the receiver gain levers that controlled 
the received echoes from the imaged mitral valve orifice. 
Performance of this receiver gain alteration maneuver several 
times, from image saturation to image dropout, led to an op- 
timized receiver gain setting for visualization of the mitral 
valve orifice in each patient. The optimized settings produced 
valve echoes that were virtually complete without signal 
dropout or overlap of neighboring echoes into fluffy signals 
that made orifice detection difficult. 


Analysis 


The mitral valve orifice, imaged as described, was examined 
in early diastole at the time of the maximal visualized diastolic 
opening. In Group I, the stop-frame image of the mitral valve 
orifice and centimeter scale were traced on transparent mylar 
plastic. The light-pen computer system was then used for 
planimetry to obtain the echocardiographic mitral valve area. 
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FIGURE 3. Schematic diagrams illustrating the funnel-like nature of the 
stenotic mitral valve in diastole (upper right), and the effect this has 
on the short axis visualization of the apparent orifice size and leaflet 
thickness. The upper right panel shows a schematic long axis of a 
stenotic mitral valve in early diastole. The body of the anterior mitral 
valve leaflet has bowed toward the left ventricular outflow tract, creating 
a funnel-like orifice with the larger side toward the left atrium and the 
smaller side toward the left ventricle. The three short axis schematic 
diagrams represent different levels at which the interrogating beam 
might intersect this funnel. The lower right diagram reveals the beam 
intersecting the valve on the atrial side of the true orifice, creating a 
falsely large orifice image. The middle diagrams reveal the beam in- 
tersecting the valve more toward the commissural tip. The upper left 
short axis view shows the beam intersecting the valve at its commis- 
sural tip and also illustrates how the interrogating beam may include 
a portion of the bowed body in the anterior mitral valve leaflet, making 
this leaflet appear quite thick in short axis. 


Stop-frame images were also obtained in early diastole in 
Group II, and the Varian light-pen computer system was used 
to obtain mitral valve orifice area. Squares of known area were 
traced to check both light-pen systems. All measurements 
were made without knowledge of the individual cardiac 
catheterization data. 

Mitral valve orifice measurement conventions: Long 
axis views of the stenotic mitral valve in all patients revealed 
the anterior mitral valve leaflet to be bound both at its com- 
missural tip and at the mitral valve anulus. This caused the 
middle third of the body of the mitral valve leaflet to bow 
toward the left ventricular outflow tract in diastole (Fig. 2). 
In short axis, the ultrasonic beam may include a large part of 
the body of the anterior leaflet, making it appear very thick 
(Fig. 3). In recognition of this problem, two different mitral 
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FIGURE 4. A schematic diagram showing the two methods used to draw 


the mitral valve orifice. Method A (top) draws the orifice as the actual — — 
black-white interface. Method B (bottom) attempts to compensate for - 


the potential thickness of the echoes representing the anterior mitral: 


valve leaflet by assuming the true anterior edge of the orifice to be - 


midway through the set of echoes returning from the anterior mitral 
valve leaflet. 


valve orifice measurement conventions were drawn with the —.— 


light-pen system on each diastolic image (Fig. 4). With method 


A, the black-white echocardiographic interface of the orifice E 


was traced exactly as it was visualized. Method B attempted 
to compensate for the potential thickness of the echoes rep- 


resenting the anterior mitral valve leaflet by assuming the true. 


leading edge of the orifice to be midway through this set of 
echoes from the leaflet. 

Two observers each drew both of these methods for the 24 
patients without knowledge of either the individual hemo- 
dynamic data or where the other observer had drawn the mi- 
tral valve orifice. The reproducibility of measurements by two 
observers using the same method was assessed. In addition, 


both observers used the two methods to calculate mitral valve _ 


orifice area from two different diastolic cycles within the same 
study. Thus, an intrastudy reproducibility comparison was 
made for any one observer using any one method. 


Results 


Mitral valve images: Successful long and short axis 
images of the mitral valve apparatus were obtained in 
all patients. All patients had thickened mitral valve 
leaflets especially involving the distal third of the an- 
terior and posterior leaflets. In the short axis view, all 
patients exhibited a narrowed orifice with commissural 
fusion involving the medial, the lateral or both com- 
missures. The extent and location of the leaflet thick- 


ening was not uniform among patients. In long axis . 


imaging, the anterior mitral valve leaflet was relatively 
immobile at both its anular attachment and at the ab- 
normal commissural tip.’ In all patients, the midportion 
of the anterior leaflet showed early diastolic bowing 
toward the left ventricular outflow tract. T'he commis- 
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sural tip of the posterior mitral valve leaflet was also 
pulled toward the left ventricular outflow tract by the 
. movement of the anterior mitral valve leaflet. With 
- eontinuation of diastole, the mitral valve orifice ap- 
d peared to move in a cephalad and slightly posterior di- 
rection as the slow left ventricular diastolic filling pro- 
 gressed, thereby altering the position of the mitral valve 
orifice relative to the stationary ultrasonic beam.* 
— — Mitral valve orifice area: In the 18 patients con- 
- stituting Group I, comparisons were made between (1) 
; measurement methods A and B; (2) measurements by 
- two observers using one method; (3) measurements 
- obtained by one observer applying one measurement 
ke _ method to two different diastolic cycles within the same 
- study for any given patient; and (4) measurements of 
E mitral valve area using the Gorlin formula and using 
echographic methods A and B. Tracing the mitral valve 
- orifice with methods A and B gave values that correlated 
. well (r = 0.925). When two observers used a method to 
calculate the mitral valve area, good correlation was 
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— surement method to different diastolic cycles within the 
. same study also gave consistent results (r = 0.892). Fi- 
- nally. when comparing the mitral valve areas obtained 
- with the Gorlin formula and with echographic method 
- À, a moderately good correlation was obtained (r — 0.83, 
standard error of the estimate = +0.18 cm?, Y = 0.05 + 
-. 0.84X). Including part of the anterior mitral valve leaflet 
- measured with method B consistently gave a larger and 
- less accurate mitral valve area than that calculated with 
1 the Gorlin method (r — 0.62). 
- The data for the comparison of mitral valve area 
with method A versus the Gorlin formula are presented 
— in Figure 5. Although two dimensional echocardiogra- 
f phy properly separated patients with critical and non- 
— critical mitral stenosis (defined here as a mitral valve 
area of less than 1 cm?), the two methods did not give 
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FIGURE 5. Graph showing the correlation in 
the initial 18 patients of the values for mitral 
valve area (MVA) calculated with two dimen- 
sional echocardiography (2D ECHO) using 
Method A and with the Gorlin formula (MVA 
[CATH]). The vertical and horizontal lines 
divide the mitral valve areas into those mea- 
suring less than and greater than 1 cm?, 
thereby separating patients with, respectively, 
critical and noncritical mitral stenosis. Al- 
though the two dimensional echocardiogram 
properly separated those with critical and 
noncritical stenosis, the correlation between 
mitral valve areas measured echocardiogra- 
phically and with the Gorlin formula was only 
0.83. 


exactly the same values, and the correlation obtained 
in our study was less good than that of previously re- 
ported studies.?-^ To determine the reason for this 
difference, we examined certain technical factors. 

The accuracy of the light-pen systems to measure 
squares of known area was very high, giving virtually 
perfect values. Calculation of five known orifices in the 
reticulated foam was performed utilizing both a phased 
array system and a mechanical sector scanner. Care was 
taken to image each orifice optimally by adjusting in- 
strument transmission power. Neither instrument was 
superior for this purpose. 

When alterations in the phased array receiver gain 
were carefully carried out on stenotic mitral valves in 
vitro and in vivo interesting findings were obtained (Fig. 
6). The calculated echocardiographic mitral valve area 
appeared to have a direct relation to the level of receiver 
gain, both in vitro and in vivo. Imaging the mitral valve 
of patients and test objects of known orifice demon- 
strated that gain settings that are “too low" result in 
signal dropout and a falsely large orifice measurement. 
Gain settings that are “too high" result in blending and 
smudging of edge irregularities, creating a falsely nar- 
rowed orifice measurement (Fig. 7). Importantly, no one 
level of receiver gain settings was uniformly applicable 
to different in vivo valve orifices. 

Mitral valve orifice area (Group II and combined 
patient group): Utilizing the knowledge obtained from 
the studies cited, we studied six additional patients 
(Group II), paying strict attention to alterations in re- 
ceiver gain. These patients were also studied without 
knowledge of individual hemodynamic data. Applying 
measurement method A to these six patients gave an 
excellent correlation with the area derived from the 
Gorlin formula (r = 0.99). Combining their values with 
mitral valve area measurements derived with Method 
A in the original 18 patients gave a correlation coeffi- 


cient for the entire group of 24 patients of 0.92 (standard 
error of the estimate = +0.17 cm?, Y = 0.0 + 0.92X) 
(Fig. 8). 


Discussion 

Assessment of the severity of mitral stenosis is often 
made on the basis of the physical findings, the history 
and, most importantly, the information derived at the 
time of cardiac catheterization. Because subjective 
symptoms do not often appear related to the severity 
of stenosis as assessed with cardiac catheterization, 
judgments concerning patient management are often 
based primarily on the calculated mitral valve orifice. 
Although cardiac catheterization has been the only 
practical presurgical method for measuring the valve 
area, the Gorlin calculation produces a figure for an 
artificially idealized orifice because this hydraulic for- 
mula does not actually apply to pulsatile flow through 


a funnel-shaped orifice.?^ The calculated mitral valve. 


area can be inaccurate in the face of mitral regurgitation 
or indirect assessment of left atrial pressure. Never- 
theless, calculation of valve area from the Gorlin for- 
mula remains the most widely used method of assessing 
the severity of mitral stenosis. Although left ventricular 
cineangiography may offer some information about the 
morphologic features and movement of the stenotic 
mitral valve, it has not been used extensively to make 
fine qualitative and quantitative measurements about 
the morphologic features, movement and severity of 
stenosis of the rheumatic mitral valve. Single dimen- 
sional echocardiography fulfilled its initial great 
promise in accurate noninvasive identification of a 
rheumatic mitral valve, but most investigators now 
agree that it does not accurately assess the severity of 
mitral stenosis. 

Henry et al.? first reported a good correlation (r = 
0.92) between the mitral valve area measured with a 
mechanical sector scanner and that obtained directly 
at the time of cardiac surgery with a specially designed 
sizer. Two other laboratories using a mechanical sector 
scanner and a dynamically focused phased array, re- 
spectively,?-? also obtained good correlations between 
hemodynamically derived values for mitral orifice size 
and that obtained with two dimensional echocardiog- 
raphy, although the standard error of the estimate for 
the mitral valve area reported by Nichol et al.* was 0.3 
cm?. Because it was unclear from previous published 
studies how the actual orifice was drawn, we undertook 
our study to determine the optimal method for drawing 
the mitral valve orifice and to assess the accuracy and 
reproducibility of calculating the mitral valve area with 
two dimensional echocardiography. Although our initial 
correlation for the 18 patients (Group I) accurately 
separated those with critical from noncritical stenosis, 
our data were less accurate than those previously re- 
ported. In attempting to analyze this result, we did not 
consider differences in instrumentation a major source 
of variability because previous studies had utilized in- 
struments of different types. 

Importance of ultrasonic receiver gain settings: 
Initially a reticulated foam test object was used to assess 
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the ability of both a mechanical sector scanner and a 
fixed focus phased array sector scanner to image accu- 
rately different orifices of known size. Although neither 


instrument produced exact measurement of the circular | 


areas, there did not appear to be major instrument 
differences that would explain our inferior results. Al- 
though we had taken care to locate accurately the true 
orifice, and to adjust the transmitting power of the in- 
strument in the initial studies, we undertook further 
investigations to see if the phased array receiver gain 
settings might be a critical factor in the quality of the 
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mitral valve orifice image obtained. Further work with — . 
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FIGURE 6. Three graphs revealing the effect of alteration in receiver 
gain levels on the mitral valve area (MVA) calculated from the two di- 
mensional electrocardiogram (2D ECHO) in vivo and vitro. Note the 
apparent inverse relation between alteration in receiver gain levels and 
measured mitral valve areas. db — decibels. 
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FIGURE 7. Two dimensional images and light-pen drawn orifices obtained from an excised stenotic mitral valve placed in the water bath. This figure 
illustrates the effects of various receiver gain levels (db) on the calculated echocardiographically derived mitral valve areas (cm*). The top row 
shows the two dimensional echocardiogram of the excised stenotic valve at various receiver gain levels. The middle row shows the seme image 
with the light-pen tracing of the orifice. The bottom row shows only the light-pen traced orifices. The vertical row A is at the lowest receiver gain 
setting with the largest calculated valve area. Vertical row D is at the highest receiver gain setting with the smallest calculated mitral valve 


area. 
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tained from al! 24 patients corre- 
lating the mitral valve areas (MVA) 
as calculated with two dimensional 
echocardiography (2D ECHO) and 
with the Gorlin formula (CATH). 
Group | comprises the original 18 
patients. Group !| comprises an 
additional 6 patients who were 
studied with strict attention paid to 
alterations in receiver gain levels. 
The correlation coefficient for the MVA (CATH) 
two groups combined is shown. cm? 





FIGURE 9. A long axis (upper right) 
and two short axis views from a 
patient with mitral stenosis, illus- 
trating the potential source of error 
in locating the actual mitral valve 
orifice. The lower left panel (A) 
reveals that a transducer beam can 
intersect the same portion of the 
bowed anterior mitral valve leaflet, 
creating a false orifice image 
(arrow). In the lower right panel 
(B) the beam has imaged the actual 
commissural tip of the valve and 
reveals the actual orifice area 
(arrow). This figure illustrates the 
need for proper echocardiographic 
technique. 


the test object and two surgically removed naturally 
stenotic mitral valves revealed that perceived orifice size 
was critically dependent on receiver gain settings for any 
transmitting power level. When an additional six pa- 
tients with pure mitral stenosis underwent imaging with 
measured variations in receiver gain, it became apparent 
that receiver gains that were “too high” often led to a 
measurement of a spuriously narrow mitral valve orifice 
and receiver gains “too low” led to signal dropout and 
measurement of a falsely large orifice. When these 6 
patients were added to our original 18, we obtained a 
correlation approximating that of previous reports 
These changes may reflect the usual learning process 
for any new method. 

True orifice location in short axis view: In addi- 
tion to proper instrument setting, the true orifice loca- 
tion in the short axis view is also critical. As previously 
pointed out,? the stenotic mitral valve assumes the 
shape of a funnel, the narrowest part being in the region 
of the commissural tip of the mitral valve. Therefore, 
when imaging in short axis, it is important to be certain 
that the ultrasonic beam is swept caudally through the 
decreasing mitral funnel to the level of the papillary 
muscles and then gradually swept cephalad again to 
locate the true minimal orifice. The orifice size will vary 
as the beam is swept from the atrial side toward the 
ventricular side of the funnel-shaped valve (Fig. 3). 
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Another potential source of false orifice location was 
originally alluded to by Henry et al.? The commissural 
fusion of the tip of the anterior mitral valve leaflet often 
leads to marked diastolic bowing of the body of the 
anterior mitral valve toward the left ventricular outflow 
tract. As the ultrasonic beam is gradually swept from 
the base of the heart toward the apex of the left ventricle 
in the short axis orientation, the beam may intersect the 
anterior mitral valve leaflet in two areas, creating a false 
orifice image (Fig. 9). It is necessary to perform short 
axis sweeps from a transducer location perpendicular 
to the valve itself so that false orifice images do not arise 
from an oblique path through the decreasing funnel- 
shaped mitral valve apparatus, or from visualizing a 
spurious orifice created by imaging two areas of the 
same anterior mitral valve leaflet. Additionally, with 
high transducer position, the ultrasonic beam may in- 
tersect and include a large part of the body of the an- 
terior leaflet, making it appear quite thickened. 

A third potential source of variation in orifice location 
may be the timing of orifice measurement in mid to late 
diastole. Both in our study and that of Nichol et al.,4 the 
movement of the mitral valve apparatus throughout 
diastole was in a cephalad and posterior direction, sec- 
ondary to left ventricular filling. This movement causes 
the mitral valve orifice to move in a similar direction. 
Hence the orifice image can decrease in size throughout 
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_ diastole because the ultrasonic beam no longer inter- 
. sects the true apex of the funnel. 

Optimal method for drawing the imaged mitral 
. valve orifice: In this study we also attempted to assess 
_ the optimal method of drawing the imaged mitral valve 
- orifice. One obvious method, method A, was to draw the 
. actual black-white interface as visualized with two di- 
| . mensional echocardiography. Recognizing that the ul- 
- trasonic beam might include a large part of the body of 
the anterior leaflet, making it look very thick and 
3 making accurate edge detection difficult, another 

. method also was investigated, method B. Although 
. these two methods correlated well with each other, our 
. data revealed that including part of the anterior mitral 
. valve leaflet with method B not only consistently gave 
larger values but also gave less accurate mitral valve 
-areas than those calculated with the Gorlin formula. 
Ao ‘herefore, it appears that definition of the actual 
| black-white interface as visualized with two dimensional 
| echocardiography (method A), with great attention 
E . given to proper instrument settings, is useful in delin- 
— eating the true mitral valve orifice. When we compared 
. this measurement method of a given image by two dif- 
— ferent observers, there was good reproducibility of the 
values obtained. When any one observer used one 
measurement method to draw different diastolic cycles 
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within the same study, vasa internal nate NARE P was 
also noted. 

Implications: Noninvasive measurement of the mi- 
tral valve orifice using two dimensional echocardiog- 
raphy appears to be both reliable and reproducible and 
therefore should be clinically useful. We believe it im- 
portant for each echocardiographic laboratory utilizing 
this method for assessment of mitral stenosis to recog- 
nize the factors highlighted by this study and the po- 
tential limitations implied by them. 

Previous studies have shown up to 17 percent failure 
to obtain adequate echocardiographic images for 
quantitation of the mitral valve orifice.4 Although we 
did not have to exclude any patients from our study for 
this reason, we agree that in some patients the ability 
of the ultrasonic beam to penetrate the chest may be 
impaired. We hope that recognition of the limitations 
of two dimensional echocardiography in assessing the 
severity of mitral stenosis will enhance its clinical utility 
in the care of patients with rheumatic valve disease. 
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Puritan Oil 
is superior in 
polyunsaturates 


, t0 corn oil“ 



















A practical adjunct in 
serum cholesterol control 


Puritan is the first major cooking oil made principally 
from highly polyunsaturated sunflower oil. The sun- 
flower oil gives Puritan an edge in polyunsaturate levels 
over leading corn and soybean-based oils. 


* A comparison of polyunsaturate levels of major brands 


Leading corn oil brand 
: Soybean-based oil brands 
9G 10 20 30 40 50 60 70 80 90 100 


Light flavor... 
encourages compliance at the table 


The sunflower oil also makes Puritan light tasting. In 
taste tests conducted with Puritanandcorn oil, Puritan 
Oil was selected as lighter tasting by homemakers. It 

contributes to an appealing diet for patients and 
family and thus helps enhance sustained compliance 
with your cholesterol management program. 






xx 


| 


u rt [ d f | Clinically tested...and proven 
0 e 


| within a“real life" regimen 
00% PURE VEGETABLE Ol. | |] xdi 


|! The nutrition depart- 
IMPORTANT POLYUNSATURATE INFORMATION ON BACK 


32FLOZ.(107.) 












ment of a major uni- 
versity has published 
the results of a study! 
that evaluated a dietary ~ 
serum-cholesterol- 
reducing program 
which included Puritan 
Oil. The study was con- 
ducted in a family : 
situation—entire families used Puritan as part 
ofatotalserum-cholesterol-reducing diet. Thedata 
showed significant decreases in serum cholesterol 
levels among allparticipating groups. Theselowered 
levels were reached within 10 days, and were main- 
tained throughout the diet modification period. 


Reference: 1. Witchi, J.C. et al., J. Am. Dietetic Assoc. 72: 384, 1978. 
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Too. 

















WE HOPE TO SEE YOU tem) RR 
AT THE CARDIOLOGY MEETING ite gen ie, 
MARCH 12-15 AT BOOTH 526-535 LCS E S 





Now there’s a system that eliminates the 
tedium of winnowing the reams of raw 
data and piles of calculations. 


Its the E for M Computer-Aided Cath 
Lab System with our exclusive 
DB/RG Report Generator. 


The CLC does all the hemodynamic and ventricu- 
lographic calculations at the touch of a button. It 
also gives you a chronological log of the case and 
cumulative calculated results whenever you want 
them. Unlike other systems, however, ours 
doesn't stop there. 


For when the case is finished, our computer 
abstracts the essentials, then writes the reports, 
all in a matter of minutes! 


What kind of reports? Exactly as you see 
on these pages.* 


e Report for the lab file. 


CARD] 
e Report for the surgical team. s iad Name, CARD 
i Date. Haro) LAC CAT. 

e Even a letter and report for the ` 7/2077, "osien ATHE Te 
referring physician. pA. CORONA ANGI He: 155°8, m 
ee 0G m ! 
And all the reports are tailored to the quie Name . RAPhy Wes 
circumstances of the particular case eae te 





and your individual requirements. ae Er ee 
Which is why we call it the Complete die 
Cath Lab System. 


If you want to know more, we've got 

a 16-page color brochure with full details. 
It's yours if you give usa call, drop us a line, 
or visit your nearby E for M representative. 
Be sure to ask for a copy of these reports. 








_ As a cardiologist in clinical Sacile, you know that many of 
- your patients suffer from congenita! heart disease. You need the 
. most current help in the diagnosis and management of the 
- various conditions affecting these patients.. The precise help 
.. you need is now available in: 


.. Congenital Heart Disease in Adults, guest edited by William 
| Roberts, MD, Chief, Pathology. Branch, Heart, Lung and 
Blood Institute, National Institutes of Health; and Clinical Pro- 
-fessor of Medicine (Cardiology), Georgetown Univer- 
-sity School of Medicine, Washington, D.C.; with 37 ad- 
- ditional contributors. Order #7419-8. About 500 pp., 
: . 800 illus., 55 tables. About $35.00. 


i - This book — Vol. 10, Number 1, in the Cardiovascular 
| Clinics — offers you: 
. * approximately 300 superb illustrations and 55 help- 
ful tables 
1 a complete classification of congenital malforma- 
= A tions of the heart and great vessels 
E the vast experience of expert contributors on the 
a Giagnosis of and therapy for both common and un- 
| common anomalies 
- the authors’ careful consideration and recommendation for 
. determining when surgical intervention becomes necessary 
T E the methods of treating patients of advanced age by pallia- 
- tive or corrective measures 
Hem a guide to the differentiation among such disorders whether 
. they manifest themselves early or late in life 
ie a modern understanding of spontaneous natura! "cures" 


. Congenital Heart Disease in Adults, an outstanding addition 
to Cardiovascular Clinics, deserves a place in every car- 
3 diologsts reference library. 


- EXAMINE THESE BOOKS, FREE, FOR 30 DAYS. 
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In the Preface, William C. Robes. MD, the Ghent Editor states: 


“This book is the first, to my knowledge, to focus specifically on 
adults with major congenital malformations of the heart or great 
vessels. Survival, primarily because of operative treatment, of 
more and more infants and children with congenital cardiovas- 
cular anomalies to adulthood will allow more and more adult 
cardiologists to be involved with long-term follow-up of these 
patients. Many questions about outcome of adults with congeni- 
| tal cardiovascular anomalies treated definitively or in- 
completely in early life remain unanswered. How often 
will aortic isthmic coarctation resected in childhood 
restenose in adulthood? How many patients with aortic 
coarctation resected in childhood will need aortic . 
valve replacement in adulthood because of stenotic or 
incompetent congenitally malformed aortic valves? 
Not all patients with tetralogy of Fallot “totally cor- 
rected” in early life are actually “totally corrected” in 
later life. How will the right ventricle function in later life 
when incised in childhood for closure of ventricular 
septal defect or partially excised for relief of outflow 
obstruction or when the stenotic pulmonic valve was partially 
excised?" ... These questions represent only a few of the pay 
needing answers. 


"The chapters on the specific congenital malformations gener- 
ally are the result cf combined efforts of a pediatric cardiologist 
and an adult cardiologist. Hopefully, this approach by a com- 
bination of disciplines will provide additional uniqueness to 

this book." | 


The Editor-in-Chief of the Cardiovascular Clinics is Albert N. 
Brest, MD. 


FILL IN AND MAIL THIS COUPON TO F.A. DAVIS. 
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sy the sum of Its assets... 
the distinctive Step 1 diuretic 
for hypertension 


not just another thiazide 


as effective and well tolerated 
as any thiazide or thiazide-like 
diuretic 


once-a-day dosage regimen to 
encourage patient compliance 


a duration of action that 
provides 24-hour hypertension 
control with a single tablet dail 


peak diuretic activity during 
waking hours...low potential fo 
nocturia 


three tablet strengths for 
dosage flexibility 


easily accomplished 
dosage titration 


effective in patients with low GFR 
... because of its dual renal 
tubular action 
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Not just another thiazide 


Diulo (metolazone) is a thiazide-like diuretic — the 
latest in a progression of products that began with 
chlorothiazide in 1957, and led to the introduction of 
furosemide nearly a decade later. 


In Diulo, however, is found a different molecular 
structure, one which distinguishes it pharma- 
cologically and clinically from the thiazides, as well 
as from the osmotic agents, carbonic anhydrase 
innibitors, loop of Henle blockers, mercurials and 
potassium-sparing diuretics. 


Furthermore, Diulo offers a combination of 
exceptional features and benefits that make it the 
distinctive Step 1 diuretic for hypertension. 


As effective and well 
tolerated as any thiazide 
or thiazide-like diuretic 


In extensive clinical trials * excellent results were 
obtained with metolazone in blood pressure reduction 
and the incidence of annoying side effects was low. 
Metolazone has been described as superior in 
efficacy to hydrochlorothiazide' and more active on a 
milligram basis." Another clinical trial? has shown 


Blood pressure changes over a 20-week period in patients com- 
pleting an initial treatment interval with metolazone. 
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I Standard Error 


[- 
I 
= 
E 
o 
— 
5 
o 
D 
® 
a 
Q. 
Y 
o 
2 
a 


8 10 12 
Weeks of Treatment 


(Adapted from Van Hoose and Cutler’) 





metolazone to be as effective as chlorthalidone. 
Results presented in the accompanying graph are 
typical of those obtained in extensive clinical trials. 


Additionally, the active ingredient of Diulo has been 
cited?- 5? for the low incidence of untoward reactior 
associated with its use. Side effects encountered a 
those generally observed with the thiazides, such e 
gastrointestinal symptoms, drowsiness and symptc 
related to volume depletion. 


In the experience of one investigator, “...muscle 
weakness, tiredness, and dry mouth...have seldor 
been a problem with this drug [metolazone]."? 


Once-a-day dosage 
regimen to encourage 
patient compliance 


“Metolazone can also simplify dosage schedules... 
since it is effective in single daily doses.” 


With Diulo diuresis usually begins within one hour, 
with maximum diuresis occurring in about two hour 
As a result of the drug's pharmacokinetics, diuretic 
effect persists up to 24 hours. You can thus mainta 
antihypertensive control for a 24-hour period. 


For these reasons, Diulo provides for a "one tablet 
each morning’ regimen. In the experience of sever 
teams of investigators,?^ &8 this advantage contribut 
to patient compliance. 


A duration of action 

that provides 24-hour 
hypertension control 
with a single tablet daily 


The characteristic absorption and distribution cf 
metolazone in the body can help to explain some o 
the important therapeutic features and benefits of 
Diulo. Because it binds to plasma protein and is 
excreted relatively slowly, Diulo has a prolonged 
duration of action and maintains round-the-clock 
control of blood pressure with one tablet in the 
morning. Compatible with the average patient's 
life-style, it is taken at the start of the routine day. 
Activity of the drug parallels, rather than intrudes 
upon, the busy hours spent at work, the quieter 
mealtime hour and the more relaxed evening hours 
At the usual antihypertensive dose, blood pressure 
control is provided for 24 hours. 


Peak diuretic activity during 
waking hours... 
low potential for nocturia 


The requisite daily single dose of Diulo exerts 
maximum diuresis in about two hours and the major 
part of its diuretic action takes place during the first 16 
hours after administration. In preintroductory studies? 
involving 1,612 patients, only 11 or 0.682% of patients 
reported nocturia. 


Three tablet strengths for 
dosage flexibility 


Diulo is supplied in three tablet strengths, and each 
can be administered on a once-daily basis. Clinicians 
are thus afforded latitude in individualizing therapy 
according to patient response, while maintaining an 
easily-complied-with, one-tablet-daily dosage regimen 
...a notable combination of dosage flexibility and 
patient convenience. 


Easily accomplished 
dosage titration 


Prudence suggests that in programs of hypertension 
management, drugs should be administered in 
sufficient dosage to gain a maximal initial therapeutic 
response, but in the smallest dosage possible to 
maintain that therapeutic response. 


If the regimen of a particular diuretic calls for tablets to 


be broken in half, or taken in various combinations or 
sequences, it may be difficult to titrate dosage without 
compromising the compliance advantage of 
one-tablet-a-day therapy. 


Diulo with its three dosage strengths of 212, 5 and 10 
mg. permits easy adjustment of intake and titration 
flexibility ... while the patient continues to take just one 
tablet a day. 
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In hypertension... EA 
unsurpassed for } 
Step 1 therapy 


VETOLAZONE) 


Effective in patients 

with low glomerular filtration 
rate (GFR)... because of its 
dual renal tubular action 


Diulo exerts action at two renal tubular sites — distally 
as well as at a proximal site. It acts primarily by 
inhibiting sodium reabsorption in the cortical diluting 
segment, and secondarily blocks reabsorption in the 
proximal tubule. Unlike the thiazides and chlor- 
thalidone, Diulo accomplishes this secondary action 
without interfering with carbonic anhydrase. This 
duality of effect is important when one considers the 
propensity of the thiazides to reduce GFR and, often, 
renal plasma flow (RPF). 


During a study'? designed to evaluate metolazone in 
17 patients with chronically depressed GFR and in 
three with nephrotic syndrome, significant blood 
pressure reduction, adequate diuresis or both, were 
attained by 80% of the patients. 


Diulo can thus be recommended not only for those 
with uncomplicated hypertension, but also when the 
hypertension is complicated by renal problems - a 
clear-cut therapeutic advantage unattainable with 
thiazides or chlorthalidone. 


Please see last page for a brief summary 
of prescribing information 











DIULO™ (metolazone) 2'2-mg., 5-mg. and 10-mg. tablets 
Before prescribing, see complete prescribing information. The 
following is a brief summary. Indications: Diulo (metolazone) 
is an antihypertensive diuretic indicated for the management 
of mild to moderate essential hypertension as sole therapeutic 
agent and in the more severe forms of hypertension in con- 
junction with other antihypertensive agents. Also, edema asso- 
cieted with heart failure and renal disease. Contraindications: 
Anuria, hepatic coma or precoma; allergy or sensitivity to 
metolazone. Warnings: In theory, cross-allergy may occur in 
patients allergic to sulfonamide-derived drugs, thiazides or 
quinethazone. Hypokalemia may occur, and is a particular 
hazard in digitalized patients; dangerous or fatal arrhythmias 
may occur. Azotemia and hyperuricemia may be noted or pre- 
cipitated. Considerable potentiation may occur when given 
concurrently with furosemide. When added to other antihyper- 
tensives, the dosage of the other agents should be reduced. 
Use with potassium-sparing diuretics may cause potassium 
retention and hyperkalemia. Administration to pregnant women 
or those of childbearing age requires that potential benefits be 
weighed against possible hazards to the fetus. Metolazone 
appears in the breast milk. Not recommended for pediatric 
use. Precautions: Perform oeriodic examination of serum 
electrolytes, BUN, uric acid, and glucose. Observe patients for 
signs of fluid or electrolyte imbalance, hyponatremia, 
hypochloremic alkalosis and hypokalemia. These 
determinations are particularly important when there is 
excessive vomiting or diarrhea, or when parenteral fluids are 
administered. Patients treated with diuretics or corticosteroids 
are susceptible to potassium depletion. Caution should be 
observed when administerirg to patients with gout or 
hyperuricemia or those with severely impaired renal function. 
Insulin requirements may be affected in diabetics, and 
hyperglycemia and glycosuria may occur in latent diabetes. 
Chloride deficit and hypoch oremic alkalosis may occur. 
Orthostatic hypotension may occur. Dilutional hyponatremia 
may occur. Adverse Reactions: Constipation, nausea, 
vomiting, anorexia, diarrhea, bloating, epigastric distress, 
intrahepatic cholestatic jaundice, hepatitis, syncope, 
dizziness, drowsiness, vertigo, headache, orthostatic 
nypotension, excessive volume depletion, hemoconcentration, 
venous thrombosis, palpitation, chest pain, leukopenia, 


urticaria, other skin rashes, dryness of mouth, hypokalemia, 
hyponatremia, hypochloremia, hypochloremic alkalosis, 
hyperuricemia, hyperglycemia, glycosuria, raised BUN or 
creatinine, fatigue, muscle cramps or spasm, weakness, 
restlessness, chills, and acute gouty attacks. Usual Initial 
Once-Daily Dosages: Mild to moderate essential 
hypertension — 2V2 to 5 mg.; edema of cardiac failure — 5 to 
10 mg.; edema of renal disease — 5 to 20 mg. Dosage 
adjustment is usually necessary during the course of therapy. 
How Supplied: Tab ets, 2v», 5 and 10 mg.; in bottles of 100. 


References: 1. Sambhi, M. P., and others; in Sambhi, M. P. (Editor): 
Systemic Effects of Antihypertensive Agents, Miami, Symposia Specialists, 
Inc., 1976, pp. 221-245. 2. Johns, C. T.: Clin. Ther. 1:43-47, 1977. 3. Fotiu, 
S.. and others: Clin. Pharmacol. Ther. 76:318-321, 1974. 4. Pilewski, R. M., 
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Revealing the reasons behind the unrour 


Unround to reduce motion artifact 
and ensure base-line stability 
Conventional ECG monitoring electrodes 
require attachment of the leadwire to 

the snap directly above the ge! column. 
This creates movement and subsequent 
motion artifact. The Medi-Trace® Offset 
electrode separates the snap from the gel 
column, connecting them with a silver/ 
silver chloride conductor. The result? 
Little or no movement of the gel column, 
producing a superior trace that virtually 
eliminates motion artifact. 


The off-center snap, located over the 
adhesive area, absorbs the shock of lead- 
wire tugging. Leadwire induced artifact 
and false alarms caused by loose elec- 
trodes are virtually eliminated. 


This translates to more time for patient 
care instead of ECG electrode problem 
solving. 








Unround, the result of new technolc 
in ECG monitoring electrodes' 
Advanced silver /silver chloride techn 
ogy assures unprecedented conducti 
and an end to trace deterioration prob 
lems. Specially formulated gel prevent 
premature dry-out and provides low im 
pedance for a strong, reliable trace. In 
actual defibrillation tests, Offset electr 
trace recovery occurred in less than o 
second! Uninterrupted ECG monitorin: 
is virtually assured. DC offset voltage 
requirements meet or exceed all pro- 
posed ECG electrode standards.* 


This advanced technology in ECG 
monitoring electrodes means minimal 
problems for all concerned. 


ape of our new ECG Electrode 








1d for secure, 

icted electrode placement 

que elliptical design of Offset 
Jes permits placement on almost 
ly site and ensures conforma- 
ody contours. The special heat 

' d adhesive resists contact loss 
ierspiration (even when used 
?oretic patients) and loosening 
aused by prep solutions. 


center snap prevents pressure 
el column during lead attach- 
dose electrodes and associated 
iS due to gel squeeze-out are 
eliminated. 


ans fewer reapplications, result- 
)st efficiency as well as added 
ence to you and your patient. 


Unround to result in a superior trace 
An accurate, ongoing assessment of 
cardiac output; what yourre really looking 
for is assured with Offset ECG elec- 
trodes. The soft, flexible gel ring maintains 
a stable gel column, especially during 
patient and/or leadwire movement. 
Motion artifact is greatly reduced. Further, 
a specially formulated low impedance 

gel ensures base-line stability and mini- 
mizes patient skin irritations. 


The result? A rapid, strong, clear trace 
that's trouble free. 


Offset Dx...all the benefits of Offset 
ECG monitoring electrodes...Plus 
Specially designed for problem pro- 
cedures and/or patients, the Offset Dx 
offers a natural extension of our new 

ECG monitoring electrode technology. 
The Offset Dx electrode differs from our 
regular Offset in several ways. It is smaller 
in size, maximizing site placement flexi- 
bility that may be dictated by clinical use. 


In addition, Offset Dx offers a more 
"aggressive" adhesive, important when 
dealing with problem patients and 
procedures. Offset Dx becomes the 
ECG electrode of choice for diaphoretic 
patients, stress test and Holter Moni- 
toring™? procedures. 


'Manufactured under U.S. patent 3,977392 

Test data available by writing Medical Products 
Development Department 

"Trademark of DelMar Avionics 


Unround is better. 


Unround Offset and Offset Dx... 
part of a total ECG monitoring sys 
Packaged for your convenience, Off: 
electrodes are available in singles, 3 
and 25's. Offset Dx electrodes come 
singles, 5 s and 25's. A multiple layer 
package maintains a clean product t 
is virtually impervious to moisture / va 
transmission. 


The Unround new Offset and Offset Dx 
ECG monitoring electrode... especially 
created to solve problems encountered 
in critical care medicine... 


Offset and Offset Dx electrodes are 
designed to meet the exacting require- 
ments in the ICU, CCU and other 
critical care areas of the hospital. Mini- 
mal false lead alarms, excellent trace 
quality, superior adhesion, convenience 
and patient comfort are just a few of 

the benefits. Offset and Offset Dx, ad- 
vancing the state of the art in ECG 
monitoring electrodes. 


Offset and Offset Dx are part of our t 
ECG monitoring system that include: 
a complete line of cables, leadwires, 
cording charts and patient record for 


Contact your Graphic Controls repre 
sentative for all the details of this 
innovative new ECG electrode syste! 
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The coronary arterial anatomy in 26 univentricular hearts, its relation to. 
the morphologic characteristics of the ventricles and rudimentary 1 
chambers, and its surgical implications were analyzed. All of the hearts — 


except two had been operated on; 18 had septation with or without an - 
extracardiac conduit and 6 had had palliative procedures. 

Twenty-one univentricular hearts with a left ventricular type main | 
chamber had an anterior outlet chamber (17 left-sided subaortic, 3- 
right-sided subaortic and 1 right-sided subpulmonary). Right and left - 
delimiting arteries outlined the outlet chamber in 16 hearts (76 percent 


S 


In 20 of the 21 hearts, large delimiting parallel branches of the right cor- — 


onary artery coursed over the anterior wall of the heart; 13 of these vessels 
had been injured surgically with resultant ischemic myocardial necrosis. 
Five univentricular hearts did not have an outlet chamber; two had a left 
ventricular type main chamber and three had a morphologically right — 


E 


ventricular main chamber. Three of the five hearts had rudimentary 1 
pouches, located anteriorly in one and posteriorly in two. The two rudi- y 


mentary pouches lying posteriorly were not outlined by delimiting arteries. 
Two of the five univentricular hearts without an outlet chamber also had 
injured coronary arteries. 

Thus, the identification of outlet chambers and rudimentary pouches 
in univentricular hearts is facilitated by the determination of coronary 
anatomy. The presence of major delimiting parallel branches over the 
usually favored ventriculotomy sites renders them vulnerable to surgical d 


3 


4 


injury; such mishaps occurred in 15 of the 24 hearts that had either cor- - 


rective or palliative operations. 


E 
i 


Recent anatomic studies emphasized the importance of coronary arterial | 


distribution in the surgical correction of persistent truncus arteriosus! 
and transposition of the great arteries.? In most other forms of complex — 


congenital heart disease coronary arterial anatomic variations are known | a 


to occur,’ but little or no attention has been directed to their diagnostic 
and surgical importance in univentricular hearts. We examined the 
coronary arterial anatomy and its relations to outlet chamber and ru- 
dimentary pouches in 26 autopsy specimens of univentricular heart. The 
results of our analysis suggest that intraoperative and postoperative 
myocardial dysfunction in the surgical correction of univentricular 
hearts? may be causally related to injury to the coronary arteries. 


Material and Methods 


The coronary arterial system of 26 univentricular hearts (from the Tissue 
Registry collection of the Department of Pathology and Anatomy, Mayo Clinic) 


that had both atrioventricular valves were examined. In 17 of the hearts surgical | 


correction had been attempted, with the use of an external valved conduit in 12; 
in 3 of the hearts an atrioventricular valve had been replaced. A palliative pro- 
cedure of some type?? had been performed in 6 of the remaining 9 hearts. 
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enclature for Univentricular Hearts 
















| Van Praagh et al.’ 

E e la Cruz and Miller? Double inlet left ventricle 
Single (primitive) ventricle 
Common ventricle 


Lev et al. 
‘Sc nerville et al. 10 


aS linebourne et al.11 
- Stanger et al. '? 

y -V = atrioventricular. 

E As | each of the 26 autopsied hearts, the precise cardiac 
: y was defined and the origin and distribution of the 
né jor coronary arteries were identified, frequently necessi- 
tati ing tedious dissection of arteries deeply buried in epicardial 
fat, fibrous adhesions or organized hematoma. Postmortem 
coronary angiography was performed in two hearts before 
€ issection. Using calibrated probes, the vessels with an in- 


te rnal diameter of greater than 1 mm were probed and 
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Single or common ventricle, type A 


Univentricular Hearts 
With Rudimentary Chamber (outlet 
. chamber or rudimentary pouch) 


Without Rudimentary Chamber (no outlet 
chamber or rudimentary pouch) 


Single or common ventricle, type B, C or D 

Single or common ventricle; cor biatriatum 
triloculare 

Common ventricle 

Common ventricle 


("single ventricle" for hearts with complete A-V canal) 
Primitive ventricle with outlet chamber 
Single ventricle of left or right ventricular type anatomy 


Primitive ventricle without outlet chamber 


mapped, and the sites of surgical injury, when identified, were 
carefully documented. 

Description of hearts—definitions and terminology: 
'The classification of the various types of univentricular hearts 
is a controversial subject, with most of the disagreement 
centering around the use of such terms as common, single or 
primitive ventricle and their implications in embryogen- 
esis. ^ Because the previously proposed alphanumeric 






FIGURE 1. Coronary arterial patterns in 
univentricular hearts with a left-sided an- 
terior subaortic outlet chamber. A typical 
pattern is shown in a, the anterior (A) sur- 
face and b, the posterior (P) surface. c 
through g represent atypical patterns. CX 
= circumflex artery; DPB = delimiting 
parallel branch; IVC = inferior vena cava; 
L = left; LCA = left coronary artery; LDA 
= left delimiting artery; OC = outlet 
chamber; PA = pulmonary artery; R = 
right; RDA = right delimiting artery; SNA = 
sinus nodal artery. 
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the generic term univentricular heart.!? This term refers to 


a heart in which both atria empty directly into the only ven- - 


tricular chamber through either two separate atrioventricular 
valves or a persistent complete atrioventricular canal. Atresia 
. of an atrioventricular valve may occur in association with a 
. univentricular heart, but this malformation requires a dif- 
. ferent surgical approach and therefore is not included in this 
-~ study. An additional (accessory) chamber is defined as an 
outlet chamber if one or both great arteries arise from it and 
as a rudimentary pouch if no artery arises from it. The mor- 
phologic characteristics of the chambers are specified and the 
ventriculo-arterial connections and their spatial relations 
described. The relation of the two major anatomic subtypes 
of univentricular hearts to previous classifications is shown 

in Table I. 
In describing the distribution of the coronary arteries, we 
follow the common practice of designating the vessel that 


hc Shand classification?’ ; ee adt best oeil. crosses be crux of the dit andes the: subo Dart of 


Y sapped! 8-13 we chose a purely descriptive approach and used 
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posterior wall as the dominant coronary artery. E 


Anatomic Findings E. 

'The anatomic findings in the 26 univentricular heat 
summarized in Table II, and the injuries to the coronary ai 
teries occurring at operation in 15 hearts are edukariscd 
Table III. All of the hearts studied had hypertrophy of ! h 
ventricular chamber; the mean wall thickness was 19.4 m 
(range 9 to 30). y. 4 


Univentricular Hearts With an Outlet Chamber | ee y 


Twenty-one hearts had a main chamber of the le tever 
tricular type and an anterior outlet chamber of the 2 Ti 
ventricular type (Table II). p 

With left-sided subaortic outlet chamber: Seven 
these 21 hearts had a left-sided anterior outlet chamber tk 
gave rise to the aorta lying anterior and to the left ofti he pt 















TABLE Il 
Summary of Anatomic Findings in 26 Univentricular Hearts 
Trabecular Location 
| Morphology and Type of Relation 
Case Cardiac Atrial of Main Rudimentary of Great Associated Cases Operation 
no. Position Situs Chamber Chamber Arteries Anomalies (no.) Performed | 
| 1-16 15LC Solitus LV Leftward Aorta Subpulmonary 10 Septation 
rt 1DC anterior anterior stenosis + conduit l SA i 
subaortic and leftward Subaortic 4 + enlargement of e 
i, OC of PA stenosis outlet foramen 
i Dysplastic LAVV 4 + replacement of 3 
| Parachute LAVV 1 A-V valve 
j Straddling LAVV 1 Palliative is 
l Straddling RAVV 1 Senning C y AA 
Ñ PA banding D 
^g Systemic-PA Su 
| 17 DC | Ambiguus LV Leftward Aorta Complete A-V canal None 
d anterior directly e A 
e subaortic anterior Ee 
p OC of PA IMS 
18-20 LC X Solitus LV Rightward Aorta Dysplastic LAVV 1 Septation | AS 
h anterior anterior Dysplastic AVV's 1 + conduit 5 EOE 
subaortic and Subpulmonary 1 + replacement of — 4 "n 
OC rightward stenosis LAVV EV Bi 
of PA Subaortic 1 Exploratory z 1 
stenosis ventriculotomy " 
21 LC  Solitus LV Leftward Aorta Straddling RAVV Exploratory E E 
: anterior posterior ventriculotomy — na 
^ subpulmo- and and PA banding ~~ A 
gs nary rightward 3 
n | OC of PA " Du 
22 LC  Inversus LV Anterior Aorta Hypoplastic LAVV Fontan procedure Pr | 
| rudimentary ^ anterior and and redirection — 
f pouch and subpulmonary of pulmonary . . 
n rightward stenosis venous return ^ 
of PA T 
23 LC — Ambiguus LV None Aorta Complete A-V canal None D 
directly $ 
anterior ; 
of atretic E 
PA V. 
24, 25 LC . Solitus RV Posterior Aorta Hypoplastic LAVV 1 Septation, conduit 1: 
| rudimentary anterior Subpulmonary 1 and LAVV b 
pouch and stenosis replacement E. 
rightward Ventriculotomy and 1 aa 
en of PA systemic-PA shunt 
26 DC Solitus ?RV None Aorta Dysplastic LAVV Septation ^4 
anterior and RAVV RS 
and oli 
rightward E 
of PA - 
AV= atrioventricular; AVV = atrioventricular valve; DC = dextrocardia; LAVV = left atrioventricular valve; LC = levocardia; LV = left ventricle; | 


Oc = ‘outlet chamber; PA = pulmonary artery; RAVV = right atrioventricular valve; RV = right ventricle. 
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- (yr) > Anatomic 
ex Type 
6M UV with left 


anterior 
.SAO-OC 


UV with left 


— UV with left 
anterior 


UV with left 


anterior 
.SAO-OC 


—. UV with left 


anterior 
SAO-OC 


! UV with left 


anterior 
SAO-OC 
UV with left 
anterior 
SAO-OC 


UV with left 


anterior 
SAO-OC 


6M UV with left 


anterior 
SAO-OC 


UV with left 
anterior 
SAO-OC 

UV with left 
anterior 
SAO-OC 


19 12F UV with 
à 1 í d right 
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aa 
ri 


= left coronary 


= pede 


SAO-OC 

UV without 
but had 
anterior 
RP. 


| UV without 
. oc 


but had 
posterior 
RP , 


a. 
g - 


- 


Main 
Chamber 
Wall 
(mm) 


18 


30 


25 


26 


22 


19 


23 


30 


14 


15 


18 


RS 


ovs? single ventricle with inverted riri tion): This was — 
the most common isa in this series of univentricular 


Coronary rid bibo: In 13 hearts the left coronary 
pery was the dominant vessel, supplying the major part of 
apie surface of the heart, but in 3 hearts the right 


Previous 
Palliative 
Surgery 


None 
None 
PA banding 
PA banding 
PA banding 


PA banding, 
Blalock-Taussig 


PA banding 


Graft shunt 
between 
ascending Ao 
and right PA 


PA banding 


None 


PA banding 


None 


PA banding 


PA banding 


None 
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A a ial] pete idi ^n: dc m in ant ; vel i T 
appeared to have a balanced distri ENA E 
The most common pattern of | inae arterial anatomy - Es Li, : 


"us P s " 
LIS, " 

} i sofi 

gee hg try ney 


was similar to that previously described by Lev et al.? and was - 


Corrective 
Operation 
Performed 


Septation, 
epicardial PE 


Septation, conduit, 


epicardial PE 


Septation, conduit, 


epicardial PE 


Septation, conduit, 


enlargement of 
outlet foramen 


Septation, 
enlargement of 
outlet foramen 

Septation, RAVV 
replacement, 
epicardial PE 


Septation, conduit, 


enlargement of 
outlet foramen 


Septation, conduit 


Septation, conduit 


Septation, 
epicardial PE 


Septation, conduit 


Septation, conduit, 


LAVV 
replacement, 
enlargement of 
outlet foramen 
Exploratory 
ventriculotomy 


Fontan procedure 


Septation, conduit. 


LAVV replace- 
ment 


Coronary 
Vessels 
Damaged 


DPB of 
RCA 


2 DPB's 
of RCA 


DPB of 
RCA 


2 DPB's 
of RCA 


DPB of 
RCA 


DPB of 
RCA 


DPB of 
RCA 


Left 
delimiting 
artery 


Right 
delimiting 
artery 


DPB of RCA 


DPB of RCA 


Left 
delimiting 
artery 


RCA and 
sinus nodal 
artery 


LCA and 
sinus nodal 
artery 


2 anterior 
branches of 
RCA 


Myocardial 
Injury 


Small focal 
nontransmural 
right apical 
infarct 

Diffuse 
nontransmural 
righ: apical 
infarct 

Smal! focal 
non:ransmural 
right apical 
infarct 

Small focal 
nontransmural 
right anterior 
infarct 

Large (35 mm) . 
transmural right 
anterior infarct 

Small focal 
nontransmural 
infarct in BVS 

Small focal 
transmural - 
infarct below 
conduit 

Extensive 
transmural right 
anterior infarct 
with conduit 
dehiscence 

Diffuse 
nontransmural 
right apical 
infarct 

Large (25 mm) 
transmural right 
anterior infarct 

Diffuse 
nontransmural 
right anterior 
infarct 

None apparent 


Diffuse 
nontransmural 
right anterior 
infarct 

Small focal 
nontransmural 
posterior infarct 


right anterior 
infarct 
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Time From 
. Surgery to 
Death 


36 hr 


5d 


24 hr 


Immediate . 
postop 
period 

12 hr 

11d 


12 hr 


37 d 


2d 


3d 


Immediate 
postop 
period 

Intraoperative 
period 
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2d 


9d 


6 hr 
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Es Pe pan BVS = P IET septum; d = days; DPB = delimiting parallel branch; hr = hours; LAVV = = left PP ISRERTCTNG a LCA 
"RCA = OC = outlet chamber; PA = pulmonary artery; PE = pacemaker electrode; RAVV = righ rie 
A= asso coronary artery; RP = = rudimentary pouch; SAO-OC = aub&ortie outlet chamber; v kas E 
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found in 12 of the 17 (71 percent) hearts (Fig. 1, a and b). Ki 
anterior of left anterior cusp was the noncoronary cusp. The 
left coronary artery arose from the left posterior aortic sinus 
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and the right coronary artery from the right posterior aortic 
sinus. A major branch arising from each of the two (left and 
right) parent vessels outlined the surface boundaries of the 
outlet chamber. These vessels were previously termed deli- 
miting arteries.’ The right delimiting artery was almost in- 
variably a larger and more prominent vessel than the left. Both 
the right and left coronary arteries continued in the atrio- 
ventricular sulci, the right giving off a number of large 
branches running parallel to the right delimiting artery, which 
we termed delimiting parallel branches. The number of these 
branches varied from 2 to 6. The branches coursed over the 
anterior surface of the heart (Fig. 1a), where the surgeon would 
normally place the ventriculotomy incision for septation of 
the ventricle and insertion of the conduit (Fig. 2). 

Atypical patterns were found in 5 of the 17 hearts of this 
type. In one heart the left coronary artery did not give rise to 
a delimiting artery (Fig. 1c). In another heart with situs am- 
biguus, dextrocardia and a persistent complete atrioventric- 
ular canal (Case 17), the left circumflex artery arose from the 
right aortic sinus and the left coronary artery terminated as 
the left delimiting artery; there was no right delimiting artery 
(Fig. 1d). In the other three hearts, the coronary arteries arose 
from the same (right anterior) aortic sinus, with one (Fig. 1f), 
two (Fig. 1g) or three ostia (Fig. 1e). 


FIGURE 2. Coronary arteries in a 
univentricular heart with a left-sided 
anterior subaortic outlet chamber. 
a and b, the vulnerability of the 
delimiting parallel branches (DPB's) 
of the right coronary artery (RCA) 
and of the right delimiting artery 
(RDA) at the site of ventriculotomy 
and proximal attachment of conduit 
is shown. c, a postmortem angio- 
gram of the right coronary artery; 
note the distribution of the right 
delimiting artery and the delimiting 
parallel branches and the lack of 
collateral opacification of the left 
coronary arterial system. SNA = 
sinus nodal artery. d, Case 5. In- 
juries to the delimiting parallel 
branches at the site of conduit at- 
tachment are indicated by asterisks. 
PPM = permanent pacemaker of RCA 
electrode. E. 


an. -E AnA a OENE E 30x. i 


mm UwW FR 39" E (eem cos UE 3 ST UNE 2m m ILI 
“ 1-5 i + ee qr P2 di us a. 2 1 +S Y JT 7 «uS 
" » * "M -gi ` Mie d ^ 
H taf = we A ^ nS 
: "y 


V MUN, M e “CORONARY ARTERIAL ANATOMY IN 





A RS eee ee V - E ee 


Eur 


! UNIVENTRICULAR ENS eran ET "a 





i a 


Surgical injury to one or more coronary arteries had oc- | 
curred in 11 of the 13 (85 percent) hearts in this group that had — | 
undergone a septation procedure (Table III). All 11 hearts had — - 
grossly discernible ischemic myocardial necrosis (Fig. 2 and | 
3). Myocardial necrosis was diffuse but nontransmural in three — 
hearts (Cases 2, 13 and 16), focal nontransmural in five (Cases _ 
1, 3, 5, 10 and 11) and transmural in two (Cases 9 and 15). In... 
the remaining heart (Case 12), there was dehiscence of the 
lower end of the conduit caused by a ruptured transmural - 
infarction. The left delimiting artery, a major vessel, wasin- | 
jured at the proximal attachment of the conduit (Fig. 3,a,b 
and c). E 

With right-sided subaortic outlet chamber: Three  - 
hearts had an anterior right-sided outlet chamber that gave — 
rise to the aorta lying anterior and to the right of the pulmo- — | 
nary artery (Van Praagh’ and Hallerman’s!4 type A-II, Ley’s? 1 3 
single ventricle with regular, noninverted transposition). ; 

In two of the hearts in this group, the coronary arteria x 
anatomy conformed to the typical pattern (Fig. 4a). In the — 
other heart, the left coronary artery arose from the posterior . 
aortic sinus and the right coronary artery from the left anterior | 1 
aortic sinus, but there were no delimiting arteries (Fig. 4c). — — 
The left coronary artery was the dominant vessel in all three - 1 
hearts (Fig. 4b). In two hearts, coronary arterial injury had ` 3 
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b: -ocurred (Table III); a branch of the left coronary artery was 
njured in one heart (Case 19), and the right main coronary 
EE artery was injured in the other, Feaülng In an extensive 
E. n nontransmural infarction (Case 20). 

— With right-sided subpulmonary outlet chamber: One 
- heart had a right-sided anterior outlet chamber that gave rise 
to the pulmonary artery. The aorta lay posterior and slightly 
Pe to the right of the pulmonary artery (Van Praagh? and Hal- 
! - lerman ’s!* type A-I; Lev's? single ventricle with normal posi- 
À tion of arterial trunks; Holmes heart!®-!6). The right atrio- 
- ventricular valve, which was dysplastic, straddled into the 


the bulboventricular foramen. 

In this single case of this type of univentricular heart, the 
| entation of the aortic cusps was normal, and the right and 
— left coronary arteries arose from the right and left anterior 

_ sinuses of Valsalva, respectively. Two delimiting arteries 
_ outlined the outlet chamber (Fig. 4d), and the right delimiting 
artery was smaller than the left. The right coronary artery was 
- the dominant vessel (Fig. 4e). In contrast to the hearts de- 

scribed previously, the right anterior surface of the ventricle 
_was relatively free of major vessels. 







- Univentricular Hearts With a Rudimentary Pouch 


| 'Three hearts (Cases 22, 24 and 25) had an endocardium- 
— lined rudimentary pouch identified within the ventricular 


| Bude: chamber with a chordal attachment to the right side of 












FIGURE 3. a, b, c, Case 12. Injury 
to the left delimiting artery (LDA) 
resulting in transmural myocardial 
infarction and the subsequent de- 
hiscence of the proximal attach- 
ment of the conduit is shown. d, 
Case 10. Focal subendocardial in- 
farction in the bulboventricular 
septum (BVS) is shown. Ao = aorta; 
MC = main chamber; OC = outlet - 
chamber. 


nfarct 


muscle mass of the main chamber, which neither received an 
atrioventricular valve nor gave rise to a great vessel but did 
communicate with the main chamber through a small orifice 
(Table II). 


With left ventricular tvpe main chamber: In one heart 
(Case 22) the main chamber was the left ventricular type, and 
a small anterior rudimentary pouch was found lying in the 
subaortic position. A small communication with the main 
ventricular chamber existed in the posterior wall of the pouch 
(Fig. 5a). The identification of the rudimentary pouch was 
facilitated by the delimiting arteries (Fig. 6, a and b). A Fontan 
procedure had been performed, and the sinus nodal artery 
injured by the attachment of the conduit to the right atri- 
um. 


With right ventricular type main chamber: In two 
hearts (Cases 24 and 25), the main chamber was of the right 
ventricular type (Van Praagh? type B). Both hearts had a 
posterior rudimentary pouch, which was toward the left side 
of one heart (Case 25, Fig. 5d) and toward the right side of the 
other (Case 24, Fig. 5, b and c). The main chamber received 
both atrioventricular valves and emptied into both great ar- 
teries, with the aorta lying anterior and to the right of the 
pulmonary artery in each heart. 

In each specimen, the posterior rudimentary pouch was 
adjacent to a posterior descending branch of the right coronary 
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FIGURE 4. The coronary arterial distribu- 
tion in univentricular hearts with a right- 
Sided subaortic (a, b and c, Cases 18, 19 
and 20) or subpulmonary (d and e, Case 21) 
outlet chamber. Abbreviations as in pre- 
vious figures. ! 


artery at the crux cordis (Fig. 7). In one heart (Case 24), injury 
_to the anterior branches of both the right and left coronary 
arteries had resulted in diffuse nontransmural myocardial 
necrosis. In the other heart (Case 25), the anterior surface was 
free of major vessels. 


Univentricular Hearts Without Outlet Chamber or 
Rudimentary Pouch 


Two hearts (Cases 23 and 26) did not have an outlet 
chamber or a rudimentary pouch (Hallerman’s!4 type C, Van 
Praagh’s’ types B, C and D) (Table II). In one heart (Case 23), 
the trabecular characteristics of the main chamber were of the 
left ventricular type. This heart was from a situs anibiguus 
person with bilateral right-sidedness and asplenia. There was 
a common atrioventricular vàlve and pulmonary valve atresia; 
an atretic cord representing the remnant of the main pulmo- 
nary artery lay directly posterior to the aorta. The coronary 
circulation was balanced. An anterior vessel arose from each 

coronary artery and had the appearance of delimiting arteries 
(Fig. 6, c and d). No surgical procedures had been performed 
in this heart. 
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In the other heart (Case 26), the trabecular structure of tl e 
main chamber resembled a right ventricle, but no trabect a 
septomarginalis could be identified. This heart had a promi- — 
nent anterior branch of the left coronary artery that resembl do r 
a left anterior descending coronary artery in the normal hes ar tie 
No coronary artery injury had occurred. 


e^ r 
ake. 


Injury to Coronary Arteries | j A h 


'The 15 univentricular hearts with injured. coronary - 
arteries are listed in Table III. In 10 of these <a 
pericardiotomy had been performed and the coronary Y 
arteries were buried in dense fibrous adhesions. Review — 
of the surgical reports revealed that the identification - | 
of the arteries at the time of surgery had often been - 
difficult. In no case was an elective decision made to 3 
divide a coronary artery. The location of focal myocar- - s 
dial necrosis usually corresponded to the expected area - 
of distribution of the injured vessel. Five hearts had J 
diffuse hontransmural hemorrhagic i injury. D 
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Potential causes of death: Death had occurred in- 
traoperatively in 2 patients and 1 to 37 days postoper- 


— atively in the other 13 patients. The patients who died 
- intraoperatively had hemorrhagic discoloration of the 


myocardium. Those who died later had the usual 
spectrum of myocardial necrosis, depending on the 
length of time between operation and death. 


- 'Transmural infarction in one patient had ruptured at 


the site of proximal conduit anastomosis to the ventricle 
(Fig. 3, a, b and c). . 

Actual and preferred ventriculotomy site: In this 
study the site of the actual ventriculotomy in each heart 
was compared with the site that would have provided 
the most safety to the coronary arteries. For this pur- 
pose, the number of univentricular hearts with a left 
anterior outlet chamber (the most common type) was 
sufficiently large in our series to enable us to draw cer- 
tain conclusions. We concluded that the ventriculotomy 
should have been placed further leftward and that the 
inclusion should have been better aligned in the direc- 
tion of the delimiting parallel branches. This conclusion 
is consistent with the observation that in 10 of the 14 
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FIGURE 5. Univentricular hearts 
with rudimentary pouches. a, Case 
22. A slit-like anterior rudimentary 
pouch (RP) is located below the 
aorta (Ao) and communicates with 
the main chamber (MC). A white 
probe is placed in the orifice of 
the right atrioventricular valve 
(RAVV). b and c. Case 24. A uni- 
ventricular heart with a coarse tra- 
becular right ventricle-type main 
chamber and left atrioventricular 
valve (LAVV) replaced by a pros- 
thesis. Cummunications between 
the main chamber and a posterior 
rudimentary pouch are indicated by 
the white probes shown in the an- 
terior view of the opened main 
chamber in b and in the posterior 
view of the opened rudimentary 
pouch in c. d, Case 25. Another 
univentricular heart with a right 
ventricular type main chamber and 
a posterior rudimentary pouch. ASD 
— atrial septal defect; CS — coro- 
nary sinus; RA - right atrium. 


patients with coronary injuries related to the ventri- 
culotomy, the arterial injury involved branches origi- 
nating from the right coronory artery (Table III). A 
more leftward position of the ventriculotomy would in 
most instances probably not be inimical to proper po- 
sitioning of the septating patch or to placement of the 
extracardiac conduit, provided that the site did not 
impinge on the outlet chamber or the right delimiting 
artery. 


Discussion 


The morphologic variations of univentricular 
hearts were previously described by many 
authors.7-10.12.14,15-18,24,25 The terms that have been 
used to describe the main ventricular chamber and the 
smaller additional chamber (outlet chamber or rudi- 
mentary pouch) are inconsistent. We believe that de- 
scriptions of the morphologic characteristics of the 
chambers, although tedious, would eliminate the con- 
fusion surrounding this subject. In our study we ex- 
cluded hearts with atrioventricular valve atresia because 
its correction requires a different surgical approach; 
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FIGURE 6. The coronary arterial distribu- 

tion in a univentricular heart with an ante- 

rior rudimentary pouch (a and b, Case 22) 

and a univentricular heart without a rudi- C 
mentary pouch and with situs ambiguus and 

pulmonary atresia (c and d, Case 23). Ab- 

breviations as in previous figures. 


whether these hearts should be considered univentri- 
cular is the subject of much current dispute.!?.197? 

A posterior endocardium-lined trabeculated rudi- 
mentary pouch in univentricular hearts was previously 
identified!525?^ in reports on the “double inlet right 
ventricle" or *univentricular heart of right ventricular 
morphology." With regard to surgical correction, the 
presence of a slit-like pouch in the ventricular myo- 
cardium is not important. However, the detection of this 
pouch with angiography?? or echocardiography?9 may 
aid our understanding of the overall nature of the 
anomaly and possibly help to determine the conduction 
tissue distribution. 


Surgical Considerations 


Most of the earlier surgical efforts to correct the un- 
iventricular heart were reported as isolated case studies. 
The results of 30 such operations by our group? were less 
than ideal. However, the natural history of the condition 
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is poor,?? and efforts to palliate it have been disap- 
pointing.?8-32 

Myocardial ischemic injury: Experiments in dogs | 
demonstrated that the results of septation of the ven- 
tricle with a noncontractile patch can be quite satis- | 
factory.?? Results that appear excellent have also been 
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obtained in a few patients. We found that the most - r 
common postoperative complication is poor myocardial | 


performance.* This complication, in the absence of | 
mechanical causes, is presumably due to myocardial | 
injury. This study suggests that such myocardial injury _ 
may be due to the interruption of significant coronary - 


arteries because such interruptions were found in 15 0f 


the 19 hearts with attempted surgical correction. 
It has been demonstrated both in experimental ani- 


E 


mals?^* and in humans?? that ischemic injury to the _ 


myocardium may result from cardiopulmonary brane 
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and prolonged low cardiac output. Hence, the myocar- | 


dial injury in the hearts in this study cannot be attrib- 
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_ uted exclusively to coronary arterial damage, particu- 
- larly in the hearts with more diffuse damage. Never- 
- theless, better operative results may be achieved by 
- better understanding the coronary arterial anatomy in 
- the univentricular heart and the importance of its in- 
- tegrity after repair and by improving the techniques for 
» avoiding injury to it. 

. Ventricular Hypertrophy and Ischemic Injury 

5 One striking feature of the hearts examined was the 
marked hypertrophy of the ventricular chambers and 
f the bulboventricular septum separating the main 


chamber from the outlet chamber; this feature was not 
related to age (Table IIT). It was demonstrated in ex- 


M 


perimental animals?6 that hypertrophied myocardium 


E as less coronary arterial reserve than nonhypertro- 
_ phied myocardium, particularly in the subendocardial 
à 

n 
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FIGURE 7. The coronary arterial distribu- 
tion in univentricular héarts.with a right 
ventricular type main chamber and a pos- 
terior rudimentary pouch (RP). a and b, 
Case 25; c and d, Case 24. AB — anterior 
branch; LCA = left coronary artery; PA = 
pulmonary artery; RCA = right coronary 
artery; SNA = sinus nodal artery. 


regions. Studies in dogs with hypertrophied ventricles 
as a result of pressure and volume overloading indicated 
increased cardiac oxygen extraction at rest with a lack 
of normal increase in cardiac oxygen extraction during 
exercise.?? Thus, an increase in coronary blood flow is 
required to meet the demands of exercise or catechol- 
amine-induced cardiovascular stress. Thus, factors that 
decrease coronary flow probably cause early impairment 
of myocardial oxygenation in the hypertrophied myo- 
cardium. The hazards of ventricular fibrillation in hy- 
pertrophied ventricles during cardiopulmonary bypass 
were documented.?? | 

The paucity of collateral circulation and cross cir- 
culation between the two coronary arteries, as dem- 
onstrated by the postmortem arteriograms (Fig. 2c), 
may be another important factor that predisposes to 
infarction resulting from surgical injury to vessels of 






i "Purctioh. However, after the development of right ven- 
— tricular hypertrophy as a result of pulmonary arterial 
banding, infarction does occur.?? Thus, the hypertro- 
_ phied univentricular heart may be more vulnerable to 


D . underperfusion and consequent ischemic damage. 
E 


. Recommendations 


i "The optimal site of ventriculotomy should avoid the 
A major coronary arteries and provide adequate intra- 
. ventricular exposure. In addition, the new prosthetic 
"y should be positioned so that the ventricular 

-— chamber is partitioned as equally as possible, so that the 
- extracardiac conduit is aligned when indicated and also 
- so that injury to the valve supporting apparatus and to 
- the specialized conduction tissue is avoided. With our 
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which still appears valid, that the further distally a - 
coronary arterial branch is interrupted, the smaller the - 
area of myocardial ischemia that would result. p 
Two-thirds of our patients (10 of 15) with i injure d X 
coronary arteries had undergone previous pericardio- - 
tomy. The likelihood of surgical injury to the major F. 
coronary arteries increases greatly when these vessels A 
are deeply embedded beneath pericardial adhesions 
Preoperative delineation of the coronary anatomy v wit kt 
aortic root angiography or selective coronary arter iog- g- 
raphy is advisable; however, translating this imaging tc 
determine the precise location for the ventricalola al y 
may be difficult, especially in the presence of pericardia al 
adhesions. The use of an intraoperative Doppler ec coro b 
nary artery finder*? merits consideration. m 
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Dobutamine is useful for augmenting cardiovascular function in adu " | 
However, no information is available on the action of dobutamine 
children. To determine its hemodynamic effects in children, we infus 
dobutamine into 12 children with congenital heart disease during diag ’ 
nostic cardiac catheterization. We administered dobutamine in two dc Me: | 
first 2 and then 7.75 ug/kg per min for 10 minutes each. We measured 
heart rate, cardiac output, systemic and pulmonary arterial, right atri; ia 
and pulmonary capillary blood pressures before and during the infusio 
of dobutamine. Systemic and pulmonary vascular resistances, cardia 
index and stroke index were calculated. 

Cardiac output, cardiac index, stroke volume, stroke index and syster 
arterial phasic and mean blood pressures increased n (4 
<0.05) and pulmonary capillary mean blood pressure decreased signif 
icantly (P <0.05) during the infusion of each dose of dobutamine com- 
pared with control values. " E 

Heart rate, pulmonary and right atrial mean blood pressure and systen 
and pulmonary vascular resistance were unchanged with either dose o 


dobutamine. We noted no adverse effect from the drug. a 
M 





n 


Tuttle and Mills! synthesized dobutamine in an attempt to find a sym- 
pathomimetic amine with the myocardial beta; adrenergic action of 
isoproterenol and dopamine but without the alpha adrenergic action of 
norepinephrine and dopamine or the betas adrenergic action of isopro- 
terenol. Clinical trials in adults demonstrated that dobutamine increases | 
myocardial contractility with little chronotropic effect and little di ect | 
effect on pulmonary or systemic vascular resistance.? !? Althoug! 
dobutamine has been studied extensively in adults, no information. | is 
available on its effects in children. The purpose of this study was to led 


E-- 


termine the hemodynamic effects of dobutamine in children. 32 


Methods 


Patients: We studied 12 patients who were undergoing diagnostic cardiac ] 
catheterization for investigation of congenital heart disease. Their ages ranged 
from 2.3 to 16.7 years (mean 9.5) and their weight from 9.7 to 73 kg (mean: 32). 
The age, weight, body surface area and diagnosis for each patient are listed al 
Table I. Two patients (Cases 8 and 11) had congestive heart failure manifested 
by an increased pulmonary capillary mean pressure and by clinical signs and. 
symptoms. Angiocardiography revealed a previously unsuspected intracardia 
left to right shunt in one patient (Case 4). The measurements of cardiac output b 
cardiac index, stroke volume and systemic and pulmonary vascular resita 
in this patient are not reported. 

Detailed verbal and written informed consent was obtained from the parents 
of each patient studied. The study was approved by the Baylor College c of 
Medicine Institutional Review Board for Human Research. OR 

Cardiac catheterization: All patients were sedated with meperidine hy 
drochloride (2 mg/kg), promethazine hydrochloride (0.5 mg/kg) and ch oS 
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IURE 1. Average hemodynamic measurements during the control 

riod (left bar) and during the infusions of 2 ug/kg per min (middle bar) 

id 7.75 ug/kg per min (right bar) of dobutamine. Asterisks indicate 
sonia difference (P <0.05) from the control value. Right ven- 
tower systolic blood pressure (RVSP) was measured only in patients 
th pulmonary valve stenosis. Cl = cardiac index; DAP = diastolic atrial 
: lood pressure; MAP = mean atrial blood pressure; N = number of 
nts; PCP = pulmonary capillary blood pressure; RVSP = right 
Yricular peak systolic blood pressure; SAP = systemic systolic atrial 
E od pressure; SEM = standard error of the mean; SI = stroke volume 
nc ex. 
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ropromazine (0.5 mg/kg) 1/2 hour before cardiac catheter- 
zation. Using the percutaneous technique, the tip of a bal- 

lo E üpped catheter was positioned in the pulmonary artery 

and the tip of a second catheter in the right atrium; the tip of 

a small plastic cannula (“Quik-cath” Travenol Laboratories, 

., Deerfield, Illinois) was placed into the femoral artery. All 

he Y Praami measurements were made before angiocardi- 

graphy. The diagnostic cardiac catheterization and drug 

i ifusion study lasted approximately 3 hours. All catheters 

were removed at the end of the study. 

- Hemodynamic measurements: Blood pressures were re- 
corded using a Statham P23db pressure transducer, visualized 


on an oscilloscope, and recorded using an Electronics for 
Medicine DR12 recorder. Zero pressure reference was adjusted 
to the patient's mid chest level. Control measurements were 
made of phasic and mean systemic and pulmonary arterial 
pressures and of mean right atrial and pulmonary capillary 
blood pressures. Right ventricular peak systolic blood pressure 
was also measured in the patients with pulmonary valve ste- 
nosis. Cardiac output was measured with either the dye 
dilution (10 patients) or the thermodilution (2 patients) 
technique. The cardiac index was calculated by dividing the 
patient's cardiac output by the body surface area. Systemic 
and pulmonary vascular resistances were calculated using the 
formulas SVR = MSAP — MRAP/CI and PVR = MPAP — 
MPCP/CI, where SVR = systemic vascular resistance, MSAP 
= mean systemic arterial blood pressure, MRAP = mean right 
atrial blood pressure, CI = cardiac index, PVR = pulmonary 
vascular resistance, MPAP = mean pulmonary arterial blood 
pressure and MPCP = mean pulmonary capillary blood 
pressure. 

Dobutamine infusion: After recording these indexes of 
eardiac function, dobutamine was infused through the cath- 
eter positioned in the right atrium for 10 minutes at a dose of 
2 ug/kg per min, and the recordings of all indexes of cardiac 
function were repeated. Without discontinuing the infusion, 
the dose was increased to 7.75 ug/kg per min for 10 minutes, 
and the indexes of cardiac function were recorded again. The 
drug infusion was then discontinued. 

Dobutamine was diluted in 5 percent dextrose in water and 
infused using a Harvard constant infusion pump (model no. 
2681). Two infusion rates (0.16 and 0.62 ml/min) were used 
for each patient. 


Results 


Hemodynamics: During the infusion of 7.75 ug/kg 
per min of dobutamine, phasic systemic arterial pres- 
sure increased from 109/61 to 151/74 mm Hg (P «0.05), 
mean pressure increased from 80 to 104 mm Hg (P 
<0.05), the cardiac index increased from 3.5 to 4.7 li- 
ters/min per m? (P <0.05), pulmonary capillary mean 
blood pressure decreased from 8 to 6 mm Hg (P «0.05), 
and stroke index increased from 38 to 49 ml/beat per m? 
(P «0.05). During the infusion of 2 ug/kg per min of 
dobutamine, these indexes also increased significantly 
(P «0.05) over the control values, although the increases 
were generally smaller (Table II, Fig. 1). 

Phasic and mean pulmonary arterial and right atrial 
blood pressures, heart rate and pulmonary and systemic 








10 1 
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= 
ho 
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Body Surface 
Area (m?) 


Diagnosis 


Complete atrioventricular block 

PO tetralogy of Fallot 

Paroxysmal atrial tachycardia 

PO ASD; PO VSD 

Pulmonary valve stenosis 
PO endocardial cushion defect; junctional rhythm 
Pulmonary valve stenosis 
Congestive cardiomyopathy 
Pulmonary valve stenosis 
Paroxysmal atrial tachycardia 

PO ASD; PO aortic coarctation 


: j . Congestive cardiomyopathy; paroxysmal atrial tachycardia 
. ASD - atrial septal defect; PO — postoperative; VSD — ventricular septal defect. 
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"Hemodynamic Effect of Dobutamine in Adult Patients 


å CI PVR 
Dose of MSAP MPAP PCP HR CO (liters/min SVR (dynes sec 
E Dobutamine (mmHg) (mmHg) (mmHg) (beats/min) (liters/min) _ perm?) (dynes sec cm5)  cm-5) 
-Reference (mg/kg per min) C D C D C D-' o D C D C D C D C D 
_ Akhtar et al.^ 5-10 93 88 37.91^| 27 ^21 Be > TOS "3d" BS i ou^ s e 1,418 283 162 
 Berkowitz et al. 2.5-10 88 95 41 46 28 26 86 Sae a I eM 2180 1,680 309 are 
Loeb et al.® 10 83 10+ -S8\"32'. 24 16 85 106°: nes 44. 2,9. NOBDU 1,040 408. 312 
Meyer et al.? 8 ae TS eph wur xU, O S0 En BC orm LUE a- 2 ee TART 10 
Stoner et al.’ 10 82 62. 398. 354. 22. AT .90 102 Mae ee SS. LIO 1,1396 338 238 























E: C = control; Cl = cardiac index; CO = cardiac output; D = dobutamine; HR = heart rate; MPAP = mean pulmonary arterial blood pressure; MSAP 
.— mean systemic arterial blood pressure; PCP = pulmonary capillary blood pressure; PVR = pulmonary vascular resistance; SVR = systemic 


Eeer resistance. 
i 
Bes resistance were unchanged from the control 
values at both doses of dobutamine. In the three pa- 
tients with pulmonary valve stenosis, right ventricular 
systolic blood pressure increased significantly (P «0.05) 
ver the control value during the infusion of 7.75 ug/kg 
r min of dobutamine. 
| B irrhvthnias. Two of the patients with a history of 
jaroxysmal supraventricular tachycardia had no 
tachycardia during the study. One patient (Case 12) 
with paroxysmal supraventricular tachycardia and as- 
sociated congestive cardiomyopathy had frequent, brief 
episodes of supraventricular tachycardia during the 
control and drug infusion periods. In this patient all 
hemodynamic measurements were recorded during 
inus rhythm. Junctional rhythm in the patient with 
postoperative endocardial cushion defect (Case 6) 
converted to sinus rhythm during the infusion of 7.75 
ug/kg per min of dobutamine. 
—. One patient (Case 4) had six premature ventricular 
contractions during the infusion of 7.75 ug/kg per min 
of dobutamine. This arrhythmia could have been caused 
by either the catheter traversing the right ventricular 
outflow tract or the drug infusion. 
- No complications related to the placement of the 
catheter or the duration of catheter insertion oc- 
curred. 
E. 







Discussion 


— Dobutamine versus dopamine and isoproterenol: 
Isoproterenol and dopamine are the sympathomimetic 
amines most commonly used to augment cardiovascular 
function in children in cardiogenic shock. Some clinical 
wii demonstrated that dobutamine is superior to 
th isoproterenol and dopamine for the treatment of 
congestive heart failure in adults.?9.7? Dobutamine 
augments cardiac output with a smaller increase in 
heart rate than isoproterenol and a greater decrease in 
left ventricular filling pressure than dopamine.$? 
However, unlike dopamine, dobutamine fails to selec- 


tively decrease either renal or mesenteric vascular re- 
sistance.!! In the ischemic dog heart, dobutamine has 
less arrhythmogenic activity than either isoproterenol 
or dopamine.! 

Dobutamine is primarily a beta; adrenergic agonist. 
The decrease in systemic vascular resistance produced 
by dobutamine was attributed to the recruitment of 
latent blood vessels or the withdrawal of compensatory 
vasoconstriction as cardiac output increases.? A direct 
action of dobutamine on vascular smooth muscle has 
not been demonstrated. Like other sympathomimetic 
amines, dobutamine has a brief duration of action and 
is usually administered as a constant infusion. 

Dobutamine's action in children versus adults: 
In adults with congestive heart failure, dobutamine 
consistently increases cardiac output, decreases sys- 
temic vascular resistance and slightly increases mean 
systemic arterial blood pressure and heart rate^-? (Table 
IID. The response to dobutamine in the children in this 
study was different from that in adults. In our patients, 
systemic arterial phasic and mean blood pressures in- 
creased markedly and systemic vascular resistance de- 
creased slightly. However, only two of our patients had 
congestive heart failure. We speculate that systemic 
vascular resistance did not change in our patients either 
because it was not abnormally increased in the control 
state or because our patients received chlorpromazine, 
an alpha adrenergic blocking agent, before the study. 
The increase in blood pressure reflected the increase in 
systemic blood flow accompanied by unchanged sys- 
temic vascular resistance. Systemic vascular resistance 
decreased markedly in one of our patients (Case 12) who 
had severe cardiac dysfunction; this response to dobu- 
tamine is similar to the response of adults with con- 
gestive heart failure. 

Although approved for adults, dobutamine is not now 
available for use in children in the United States; how- 
ever, it appears to be effective in augmenting cardio- 
vascular function in children. 
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Hemodynamic Characteristics of Hypertension After 
Coronary Bypass Surgery and Effects of the 
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In 13 patients with hypertension after coronary bypass surgery, the 
underlying hemodynamic mechanism was an increased systemic vascular 
resistance. To elucidate the role of the renin-angiotensin system in left 
ventricular function, plasma renin activity and hemodynamic measure- 
ments were performed during the peak of the hypertensive episode and 
15 to 30 minutes after the administration of the converting enzyme inhibitor 
SQ20881 (1 mg/kg body weight). Eight of the 13 patients responded to 
the inhibitor; in these patients control plasma renin activity was 8.78 + 
2.3 ng/ml per hour, and mean arterial pressure decreased markedly from 
123 + 6 to 101+ 5 mm Hg (P <0.005), due to a decrease in systemic 
vascular resistance from 22 + 2 to 14 + 1 units (P <0.005). The decrease 
in systemic vascular resistance induced by the inhibitor correlated with 
the control plasma renin activity (r = 0.825, P <0.05). Inthe responders, 
administration of the inhibitor also increased cardiac output from 5.26 + 
0.36 to 7.39 + 0.61 liters/min (P <0.005) because of an increase in stroke 
volume from 61 + 3 to 78 + 5 ml/beat (P <0.005), although left ven- 
tricular filling pressure decreased from 8.5 + 1 to 6.0 + 1mm Hg (P 
<0.005). In the remaining five patients (nonresponders to the inhibitor), 
control plasma renin activity was 1.8 + 0.3 ng/ml per hour (P «0.05 
compared with the responders), but the control hemodynamic data did 
not differ from those of the responders. In the nonresponders the small 
decrease in mean arterial pressure (from 128 + 5 to 123 + 4 mm Hg, P 
<0.025) was due to a decrease in stroke volume and cardiac output, but 
systemic vascular resistance did not change. As in the responders, ad- 
ministration of the inhibitor decreased left ventricular filling pressure in 
this group from 8 + 1 to 6 + 0.8 mm Hg (P «0.025 ). 

These results indicate that the renin-angiotensin system is often in- 
volved in postcoronary artery bypass hypertension. In patients with in- 
creased renin, blockade of angiotensin Il improved left ventricular function 
by reducing afterload rather than preload, thus indicating that angiotensin 
ll acts on the heart and veins. 


Hypertension in association with coronary artery bypass surgery was 
reported to occur in about 30 to 60 percent of patients undergoing 
myocardial revascularization procedures.!-^ In the initial reports,!-? 
coronary artery bypass hypertension could not be attributed to any of 
the usual perioperative factors such as anoxia, shivering, pain, hyper- 
volemia, abnormal renal function or improved myocardial function. It 
was postulated that a neurogenic mechanism was probably involved 
because blockade of the sympathetic nervous system by infiltration of 
the stellate ganglion with local anesthetics decreased the elevated arterial 
pressure. In several recent studies,? ° predisposing factors‘ and the he- 
modynamic pattern* of this type of hypertension were investigated. 
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i was caused by an increase in total peripheral resistance 
E . rather than an increase in cardiac output. The increase 
in peripheral resistance was postulated to be the result 
of pepeconers tenon caused by increased alpha adren- 

_ ergic tone.? 
Several investigators9-!! demonstrated that sympa- 
thetic nervous system stimulation occurs during and 
. after myocardial revascularization procedures, as in- 
dicated by the increased plasma catecholamine levels. 
We? and other investigators!! recently demonstrated 
= that both plasma epinephrine and norepinephrine in- 
— crease when hypertension develops in the perioperative 
. period during coronary bypass surgery and that both are 
- closely related to the level of blood pressure. On the 
— basis of these findings, phentolamine was effectively 
used in the treatment of this type of hypertension.!? 
The possibility that the renin-angiotensin system!? 
may be involved in the pathogenesis of postcoronary 
artery bypass hypertension has been investigated the 
~ least. Although the effects of anesthesia, cardiopul- 
|. monary bypass and cardiac and other types of surgery 
— enthe renin-angiotensin system were studied, ^? the 
- rpenin-angiotensin system was implicated only recently 
_ in the pathogenesis of postcoronary bypass hyperten- 

'-. Sion. 18-?0 
— lnthis study the role of the renin-angiotensin system 
in maintaining the increased blood pressure in postco- 
ronary artery bypass hypertension was investigated in 
— 13 patients by measuring plasma renin activity during 
the hypertensive episode and by using the intravenous 
form of the converting enzyme inhibitor (SQ 20881), a 
— nonapeptide that blocks the formation of angiotensin 
II from angiotensin I. It is generally believed??? that 
this agent decreases blood pressure mainly by elimi- 
nating angiotensin II. Our results indicate that the 
renin-angiotensin system is involved in patients with 
postcoronary artery bypass hypertension. Furthermore, 
these results confirm our initial observations!?:!? that 
converting enzyme inhibitor is a potent preload and 
afterload reducing agent??; however, despite a decrease 
in preload the inhibitor improves left ventricular 
function only when plasma renin is increased, even in 
the presence of a low or normal left ventricular filling 

pressure. 
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OE Methods 
.. Patients 


Thirteen consecutive patients who underwent coronary 
artery bypass surgery and had hypertension (blood pressure 
160/90 mm Hg or greater) within 2 hours after the procedure 
were included in this study. No patient had a previous history 
of hypertension or hypertension on the day before surgery. 
Their ages ranged from 33 to 64 years; 11 were men and 2 
women. The doses of all antiarrhythmic and other medications 
including propranolol were decreased in the 24 hours before 
surgery, but the medications were not completely discontin- 
 ued until the morning of the operation. All patients had 
proved coronary artery disease demonstrated on coronary 
arteriography. The number of diseased vessels varied from one 
to three (Table I), and the preoperative ejection fraction 


ranged from 0.57 to 0.70. The clinical and other findings on 


the day before surgery are summarized in Table I. 


PORC 


* * - P ad. 3. - à vy < 
ts y m : beoe LEE ; "i o ILIA CC OMM M m 

) ^. n (^d ` a . A P t Ew * P! p 4 É =" 
Ma o he: hi Ris eee ud 6 V 05 S oV BADEN EEUU SIE ee 


dts was Anona that thei Sirona blood pressure TABLE p er a É s 


IX T H " 2 
MAE ot m. S ENS de th 6s Se. Meee soa aint ba > 
7 65 T EON Fox LUSS-U-8 7-321. "X nt Us ms RT ae) ^ or 
ENS SU E WT MEER E esr ur 
f , : A EIL BA ae LX Mà j Ea AM. eri" Be > e 
MU S vr Ad Tee a Sp , j anat, n VN ee. oe ^ A, 
. - D 2 11 3 a * 


Pappilan l Characteristics of 13 Patients With 
Postcoronary Artery Bypass Hypertension 





Non- 
Responders responders 

Number of patients 
Mean age (yr) 5243 5521 aa 
Sex (M/F) 6/2 9/0. T 
Weight (kg) 78+ 0.5 80 + 0.3 | 
Previous hypertension None. None UT 
Blood pressure on day 126 + 4/ 130 + 3/ . 72 

before operation (mm Hg) 8215 86 + Ly 
Heart rate on day before 72+6 7644 

operation (beats/min) 
Preoperative ejection 8 

fraction > 55% 
Average number of 2 

bypassed vessels 
Previous propranolol therapy 3 

Methods 


The anesthetic and surgical techniques idi in ourc 
in managing patients undergoing coronary artery by ypas SS 
surgery were described in detail previously.*!? The Có 
in this study were managed in a similar manner during an 
thesia and surgery. 

Protocol: In all patients a Swan-Ganz mu 
catheter was introduced and advanced to the panos 
tery in the operating room on the morning before the su l 
procedure for the continuous recording of pulmonary arte rial 
and pulmonary wedge pressures and the measurement o 
cardiac output. An intraarterial catheter (brachial artery) a and 
a central venous catheter were also introduced for thes on- 
tinuous monitoring of arterial and central venous press 
After the operation, all patients were transferred to the Ir n- 
tensive Care Unit and managed in the usual manner. If hy- 
pertension developed (blood pressure 160/90 mm. He or : i 
greater) and persisted for at least 30 minutes despite treat- 
ment with analgesics and adequate ventilation, the patie n 
was considered suitable for treatment with the conver tin 
enzyme inhibitor, according to the following protocol. x 

Before administration of the inhibitor, cardiac output (in r 
triplicate) (Model 601, Instrumentation Laboratories. Inc. * 
arterial pressure, central venous pressure, pulmonary a rial 
and pulmonary wedge pressure and heart rate were recorded. 
Blood was drawn for the determination of plasma renin ai 
tivity. After all pretreatment (control) variables were re 
corded, the converting enzyme inhibitor was administere 'ed 
intravenously as a bolus dose of 1 mg/kg body weight. Pre: 
sures were then monitored continuously, and cardiac outp u t 
measurements were repeated 15 to 30 minutes after ieu id- 
ministration of the inhibitor when the hypotensive effect w 
maximal. Blood was again drawn for determination of pla 
renin activity. No other drugs were administered during th he 
evaluation period. If blood pressure was not decreased, al 
measurements were repeated 30 minutes after the admin n ". 
tration of the inhibitor, and then sodium nitroprusside i inf ue 
sion was started.4 E 

Derived variables were calculated from the recon ed ^ 
pressures, cardiac output and heart rate by standard methoc 
described previously.4 In our experience cardiac output de- 
termination with the thermodilution technique is an accurat 
and reproducible method, with a coefficient of variation of r 
= 0.92 (20 measurements). 'To assess the effects of the con- m- 
verting enzyme inhibitor on cardiac performance, the pul 1E 

monary wedge Pressure: was used to epeprebens the deve n 





"TABLE Il 
. Control Data and Effects of the Converting Enzyme Inhibitor 


Control Response 





\ 
b 
Bs 
| Responders (no. — 8) 
h 
: 


Nonresponders (no. — 5) 


P Value Control Response P Value 
HR (beats/min) 94 4 3 95 4 3 NS 89 45 93 4 5 NS 
SBP (mm Hg) 189 + 7 152 4 9 «0.0005 182 + 2 180 + 2 NS 
DBP (mm Hg) 9241 6 75 3 «0.005 99 5 94+ 4 «0.01 
MAP (mm Hg) 123 4 6 10145 <0.001 128 45 123 44 «0.01 
|. TPR (units) 2242 1441 <0.005 25 3 253 NS 
— SV (ml/beat) 6143 7845 <0.0025 614 5345 <0.025 
E co (liters/min) 5.76 + 0.36 7.39 + 0.46 <0.0025 5.26 + 0.44 5+ 0.44 0.10 > P > 0.05 
|. 1LVSW (mg) 95+6 101+ 8 NS 98+7 87 + 10 NS 
f CVP (mm Hg) 11.4 € 0.8 10 4 0.7 0.10 >P > 0.05 9.32 7.9 1.5 NS 
... PWP (mm Hg) 8.5 + 1.4 6.0 4 1 «0.005 8 4 1 6 + 0.8 «0.05 
... PAP (mm Hg) 15.4 4 1.5 11.8 € 1 «0.0005 16+ 2.5 1243 «0.025 
- PRA (ng/ml per hour) 8.78 +2 14.6347 NS 1.84 + 0.4 1.66 + 0.3 NS 


; CO = cardiac output; CVP = central venous pressure; DBP = diastolic blood pressure; HR = heart rate; LVSW = left ventricular stroke work; 
-. MAP = mean arterial pressure; NS = not significant; PRA = plasma renin activity; PAP = mean pulmonary arterial pressure; PWP — pulmonary 
t wedge pressure; SBP = systolic blood pressure; SV = stroke volume; TPR = total peripheral resistance. 
Es 
& 


tricular filling pressure. Plasma renin activity was determined 
pwith the radioimmunoassay method.24 

__ Analysis of data: In the analysis of the results, the 13 pa- 
- tients were classified, according to their blood pressure re- 
_ sponse to the converting enzyme inhibitor, as responders 
_ (eight patients) and nonresponders (five patients). In the re- 
| emm mean arterial pressure decreased 10 mm Hg or more, 
| Whereas in the nonresponders it decreased less or not at all. 
_ The statistical significance of the results was assessed using 
- the appropriate paired or unpaired Student's t test. Correla- 
- tion coefficients were determined with the Pearson method. 


+ 
M 


_ All results are reported as mean + standard error of the mean. 


EP values less than 0.05 were considered significant. 


; Results 

= Hemodynamic characteristics and plasma renin 
activity in postcoronary artery bypass hyperten- 
- sion: The hemodynamic findings during the hyper- 
_ tensive episode and before administration of the con- 
- verting enzyme inhibitor in both the responders and 
_ nonresponders are shown in Table II. Blood pressure 
and all other hemodynamic variables were similar in the 
_ two groups. In both groups the increased blood pressure 
- was caused by an increased peripheral resistance, which 
was 22 + 2 units in the responders and 25 + 3 units in 


|y 
Kk 


a 
T 


i 
y 


! 

20 
p^ Pretreatment 
EA PRA 15 
1 (ng/ml/hr) 





Responders 


Non-responders 


FIGURE 1. Pretreatment plasma renin activity (PRA) in the responders 
and nonresponders to the converting enzyme inhibitor. 


pe 


ts 


the nonresponders. Cardiac output (Table II) was 
within the normal range in both groups. In a control 
group of 16 patients who underwent coronary artery 
bypass surgery but remained normotensive, peripheral 
resistance was 16 + 1 units and cardiac output 4.98 + 
(.41 liters/min. The central venous pressure was similar 
in responders and nonresponders. 

Plasma renin activity was 1.8 to 19 ng/ml per hr 
(mean 8.78 + 2.3) in the responders and 1.8 to 2.9 ng/ml 
per hour (mean 1.84 + 0.4) in the nonresponders (Fig. 
1). The difference in the plasma renin levels in the two 
groups was significant (P «0.025). In the responders the 
pretreatment (control) plasma renin activity correlated 
with the pretreatment diastolic (r = 0.554) and mean 
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FIGURE 2. Hemodynamic effects of the converting enzyme inhibitor 
(CEI) in the responders and nonresponders. Asterisks denote significant 
changes from control values (not differences between the two groups). 
LVFP = left ventricular filling pressure; MAP = mean arterial pressure; 
TPR - total peripheral resistance. | 
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WE his 
isod pressure (r =0. 551), but icd of these corre- 


3 lations was significant because the group included only 
. eight patients. 


Hemodynamic effects of the converting enzyme 
inhibitor: Responders: In the responders, converting 
enzyme inhibitor decreased systolic (from 189 + 7 to 152 
+ 9 mm Hg, P «0.0005), diastolic (from 92 + 6 to 75 + 


. 8mm Hg, P <0.005) and mean blood pressure (from 123 


+ 6 to 101 + 5 mm Hg, P «0.001). The decrease in blood 
pressure was due to a decrease in total peripheral re- 
sistance, from 22 + 2 to 14 + 1 units (P <0.0025). Car- 
diac output increased from 5.76 + 0.36 to 7.39 + 0.46 
liters/min (P «0.0025) because of an increase in stroke 


JA volume from 61 + 3 to 78 + 5 ml/beat (P «0.0025). 


Heart rate did not change (Table II and Fig. 2). The 
converting enzyme inhibitor decreased central venous 
pressure slightly but not significantly (0.10 > P > 0.05). 
Mean pulmonary arterial pressure decreased signifi- 
cantly, from 15.4 + 1.5 to 12 + 1 mm Hg (P «0.005). 
In the responders there was a weak correlation be- 
tween control plasma renin activity and the decrease in 
mean arterial pressure (r — 0.341), but there was a 
stronger and significant correlation (Fig. 3) between 
control plasma renin activity and the decrease in total 
peripheral resistance (r = 0.825, P <0.05). The decrease 
in diastolic blood pressure correlated with the decrease 
in total peripheral resistance (r = 0.609), but this rela- 
tion was not significant because of the small number of 
patients. Control plasma renin activity increased from 
8.78 + 2 to 14.63 + 7 ng/ml per hour (a 45 percent in- 


crease, P not significant) after administration of the 


converting enzyme inhibitor. 

Nonresponders: In the nonresponder group, the 
slight decrease in mean blood pressure (5 mm Hg) was 
due to a small but significant decrease in stroke volume 
(from 61 + 4 to 55 + 5 ml/beat, P <0.05) and cardiac 


output. In this group, in contrast to the responder group, 


total peripheral resistance did not change (25 + 3 units). 
As in the responders, heart rate was not increased by the 
converting enzyme inhibitor. Central venous pressure 
decreased slightly. As in the other group, mean pul- 
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FIGURE 3. Correlation between the decrease in total periphe 
sistance (TPR) during angiotensin Il blockade with the convert 


zyme inhibitor and the pretreatment plasma renin activity RA) 
A 

monary arterial pressure decreased dimitian (n "a abl jl 
ID, from 16 + 2.5 to 12 + 3 mm Hg (P «0.025). Cor » 
plasma renin activity decreased slightly (by 10 per 
P not significant) after administration of the conv 
enzyme inhibitor. | 
Responders versus nonresponders: The decrease wi | 
systolic, diastolic and mean blood pressures was si 
nificantly greater in the responders than in the nonn 
sponders: 37 + 6 versus 2 + 1 mm Hg (P «0. Mél 
4 versus 3 + 1 mm Hg (P <0.025) and 23 + 4 versus 
1 mm Hg (P <0.005), respectively (Fig. 4). Similarly, 
differences in the stroke volume changes induced by th e 
converting enzyme inhibitor were significant bety we oe 1 
the two groups (17 + 3 ml/beat increase in the re 
sponders and 6 + 2 ml/beat decrease in the nonr 
sponders, P «0.0005). DE 
Effects of the converting enzyme inhibitor on] lef 
ventricular function: In the responders the left ve n 
tricular filling pressure (pulmonary capillary wedg 
pressure) decreased significantly from 8.5 + 1.4 to 6 
+ 1 mm Hg (a 29 percent decrease, P <0.0005), where: | 
stroke volume increased from 61 + 3 to 78 + 5 ml/beat 
(a 28 percent increase, P «0.0025). Left ventricu la 
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FIGURE 4. Comparison of the main hemodynamic re- c Uy an 1l 4 3 
sponses to the converting enzyme inhibitor in the re- = © 7 T xL 
sponders and nonresponders. Significant differences o A E 
(using the unpaired t test) were observed in mean arterial c -20 Y B3 
pressure (MAP) (P <0.005), total peripheral resistance O T k 
(TPR) (P <0.005) and stroke volume (SV) (P <0.0005). D Sa . EM 
The difference in left ventricular filling pressure (LVFP) ie -40 T" d T 
was not significant. Asterisks refer to changes from a uda 
control values (using the ESOR t test). N = number of LL — e eee 
patients. —  . MAP TPR LVFP SV 
Mcd E 
i Pa GE AR A MIE tate s March 1979 The Americ Journal of CARDIOLOGY “Volume 43.  5É 








AC EFFECTS 


- 





AOL A! 
; m EUREN M È pE T 

























CEN E etc Se AP LEGATOS HA [OU PG, 
: S S H K AE nw 

Stroke !20r € Responders 
volume —  O Non-responders 

N ( mI/beat) 

a 100 

P 80 

= 

E 3 

p f 

Eu, 

D. ý 

E. 40 

Ete oe LVFP (mm Hg) 


4 90 eee 

"IGURE 5. Effect of the convertinc enzyme inhibitor on left ventricular 
unction. Function improved only in the responders. LVFP = left ven- 
ricular filling pressure. 
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roke work increased by 6 percent (P not significant). 
n the nonresponders the decrease in left ventricular 
illing pressure from 8 + 1 to 6 + 1 mm Hg (a 25 percent 
ecrease, P <0.025) was associated with a decrease in 
troke volume from 61 + 4 to 53 + 4 ml/beat (a 13 per- 
ent decrease, P <0.025). Left ventricular stroke work 
lecreased 11 percent (P not significant). The individual 
hanges in left ventricular filling pressure are plotted 
igainst the associated changes in stroke volume in both 
esponders and nonresponders in Figure 5. 

Outcome and prognosis: All 13 patients of this series 
ho developed postcoronary artery bypass hypertension 
vere closely observed during the immediate postoper- 
tive period in the intensive care unit and followed up 
is outpatients for up to 6 months. During the immediate 
08 operative period, the nonresponders to the con- 
erting enzyme inhibitor were subsequently treated 
ffectively with sodium nitroprusside. Two of the pa- 
ients who had a hypotensive response to the converting 
nzyme inhibitor again became hypertensive 45 to 60 
ainutes later and eventually required sodium nitro- 
»russide. There were no complications related either to 
he hypertension or to the hypotensive treatment with 
he inhibitor or nitroprusside. During the follow-up 
eriod, no patient had persistent hypertension. 
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Discussion 


Hemodynamic characteristics of postcoronary 
'tery bypass hypertension: The results of this study 
ndicate that the main hemodynamic mechanism 
ading to postcoronary artery bypass hypertension is 
n increased total peripheral resistance rather than an 
creased cardiac output, and in this respect the results 
sree with our previous observations*!? and with results 
sported by other investigators.?? Cardiac output was 
igher in the patients with hypertension than those who 
ere normotensive,* but it was still within the normal 
inge (Table II). Furthermore, the patients in this series 
ad no evidence of hypervolemia, at least as far as can 
e judged from the level of central venous pressure 
lood volume was not measured), which was within the 
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normal range in both responders and nonresponders 


(Table II). However, the pattern of postcoronary artery 
bypass hypertension, which is mainly characterized by 
an increase in systolic blood pressure, a slight or no in- 
crease in diastolic pressure, sinus tachycardia and other 
signs of hyperkinetic circulation, tempts one to postu- 
late that in addition to vasoconstriction, a cardiac 
mechanism is involved in the genesis of this type of 
hypertension. The role of an improved myocardial 
function, caused by a successful restoration of blood 
flow to a previously ischemic myocardium, has been 
considered and ruled out as a possible pathogenetic 
mechanism.!? In our study also, myocardial function 
improved in patients who remained normotensive, 
further exluding this possibility. Moreover, in our series 
no patient had a preoperative ejection fraction of less 
than 55 percent. 

Another possibility is that the increased heart rate 
and cardiac output, although within the normal range, 
are inappropriately high for the level of attained pe- 
ripheral resistance because an abrupt increase in pe- 
ripheral resistance and blood pressure should be ac- 
companied by a decrease in heart rate and stroke vol- 


ume.” Thus, these patients probably have a baroreflex. 


dysfunction that contributes to the development of 
hypertension along with the main abnormality of 
vasoconstriction. The concurrent myocardial stimula- 
tion and peripheral vasoconstriction suggest that these 
patients have enhanced sympathetic nervous system 
activity that is responsible for the unusual findings of 
peripheral vasoconstriction associated with hyperki- 
netic circulation. Numerous studies,®!! including our 
own,’ demonstrated that plasma catecholamines in- 









crease during and after cardiopulmonary bypass. An- - 


giotensin II is another vasoconstrictor with simulta- 
neous effects on the myocardium and peripheral arte- 
rioles that may play a role in the development of 


postcoronary artery bypass hypertension. E 


Role of the renin-angiotensin II system in | 


postcoronary bypass hypertension: It is known that 
the renin-angiotensin II system affects the cardiovas- 
cular system directly.or indirectly by activating the 
sympathetic nervous system.?9?7 Thus, angiotensin II, 
in addition to its potent vasoconstrictive properties on 
the arterioles, may increase myocardial contractility?8 


and heart rate”? or may cause vasoconstriction of the — 
coronary vascular bed. Furthermore, evidence now Pt 
exists that under various circumstances the renin- 


angiotensin II system is involved in the pathogenesis cf 
hypertension.!? 


In our study three findings support a pathogenetic 


role for the renin-angiotensin system in postcoronary 
artery bypass hypertension: first, the significant dif- 
ference in pretreatment plasma renin activity between 


the responders and nonresponders to the converting - 


enzyme inhibitor; second, the lack of an important blood 
pressure decrease after the administration of the in- 


hibitor in the nonresponders who had lower pretreat- 


ment plasma renin activity than the responders; and 


third, the strong significant correlation between pre- - 


treatment renin activity and the decrease in total pe- 


$ A » Y , " 
ur $75. x og 


Ebheidl resistance (Fig. 3) in the responders. Although 
there was an overlap in the control renin levels of the 
responders and nonresponders (Fig. 1), the pretreat- 
ment plasma renin activity was not higher than 2.9 
ng/ml per hour in any nonresponder, and plasma renin 
activity was not lower than 1.8 ng/ml per hour in any 
responder. Thus, in postcoronary artery bypass hy- 
pertension, as in essential and renovascular hyperten- 
sion,?! the pretreatment renin appears to determine the 
magnitude of the hypotensive response during angio- 
tensin II inhibition. The strong correlation between the 
pretreatment renin and the decrease in peripheral re- 
sistance during angiotensin II blockade with the in- 
hibitor (Fig. 2) is further evidence that in the responders 
the vasoconstriction during the hypertensive episode 
was mainly caused by excessive renin (angiotensin II) 
levels. Significant correlations between plasma renin 
activity and peripheral resistance in hypertensive pa- 
tients were documented previously.???! In some of these 
studies?! and in this study, a significant correlation 
existed only between plasma renin activity and pe- 
ripheral resistance, not between plasma renin activity 
and blood pressure. Thus, the apparent lack of corre- 
lation between renin and blood pressure, as in the re- 
sponders in this study, does not necessarily exclude a 
role for renin in maintaining the increased blood pres- 
sure. Plasma renin activity should correlate better with 
peripheral resistance than with blood pressure because, 
although the degree of hypertension is mainly deter- 
mined by peripheral resistance, other factors contribute 
to the final level of blood pressure attained. 

Our results indicate that the renin-angiotensin 
system is involved in a large proportion of patients (62 
percent of this series) with postcoronary artery bypass 
hypertension. In the remaining patients, the nonre- 
sponders in this series, the lower pretreatment renin 
levels and the lack of an important hypotensive re- 
sponse to the converting enzyme inhibitor (despite the 
same severity of hypertension and degree of vasocon- 
striction as the responders) suggest that vasoconstric- 
tors other than angiotensin II, such as catecholamines,’ 
caused the increased peripheral resistance. Another 
possible explanation is the lack of a vasodilator 
(bradykinin, prostaglandin) due to inadequate forma- 
tion or enhanced deactivation. 

The reasons for the difference in plasma renin ac- 
tivity (angiotensin II) among patients with postcoro- 
nary artery bypass hypertension is not clear from the 
results of our study, which was not designed to inves- 
tigate the mechanism or the factors that may regulate 
renin release during and after cardiopulmonary bypass. 
However, the results of our study clearly demonstrate 
the existence of two types of postcoronary artery bypass 
hypertension in relation to the renin-angiotensin sys- 
tem: a renin-dependent form responsive to the angio- 
tensin II blockade with the converting enzyme inhibitor, 
and a nonrenin-dependent form that is unresponsive 
to the inhibitor. 

The possibility that the converting enzyme inhibitor 
decreased blood pressure because of its property to 
inhibit the degradation of bradykinin???? and not be- 
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cause it blocked the conversion of the antiogensin I to | 
II was not examined in this study. However, two facts — 
weigh against this hypothesis. First, the converting - 










enzyme inhibitor decreased blood pressure significantly 
more in the patients with a higher pretreatment renin 
level, when presumably it should increase the brady- - 
kinin plasma level to the same extent in both groups. - 
Second, the absence of tachycardia after the adminis- 
tration of converting enzyme, which is a well established | 
response to acute bradykinin administration,?? is fur- | 
ther evidence suggesting that if a hypotensive response 
due to bradykinin accumulation existed, it was rather 
unimportant. However, the definite answer to this. 
question will require the measurement of plasma. 
bradykinin. 3 
Hemodynamic effects of the ouverte enzyme 
inhibitor: The results of our study demonstrate that Y 
in the responders, the converting enzyme inhibitor de- i 
creased significantly systemic arterial pressure, voe 
resistance and left ventricular filling pressure, and these 
changes were accompanied by an increase in cardidii A 
output without tachycardia. These findings indicate an 
improvement in left ventricular function.?* Because the 
converting enzyme inhibitor is not known to have a did : 
rect positive inotropic effect on the myocardium, the | 
improvement in left ventricular function can be atis 
tributed to a decrease in preload or afterload oo: a 
resistance), or both. Thus, the converting enzyme i 
hibitor produces hemodynamic responses that are ` 2 
qualitatively similar to those of sodium eed 
which is both an arteriolar and venous dilator in pa- f 
tients with postcoronary artery bypass hypertension!* - 
and in patients with heart failure.*4 In contrast, in the - 
nonresponders i in this series who had low pretreatment | 
renin, the converting enzyme inhibitor decreased pre- - 
load (lowered the left ventricular filling pressure); 
however, these changes were accompanied by a slight 
decrease in cardiac output, indicating a descent alo E 
the ventricular function curve (Fig. 4) and therefore n Di . 
improvement in ventricular function. Thus, in the — 
nonresponders the effects of converting enzyme inhib- 
itor were qualitatively similar to those of a tourniquet 
or nitrates, or both.?* In addition, left ventriculai 4 
function improved and systemic vascular resistance was - 
decreased by the inhibitor only in the responders, who - 
had pretreatment hemodynamic variables similar - [n 
those of the nonresponders. 
Therefore, we conclude that the converting enzyme | 
inhibitor improved ventricular function in the re- 
sponders primarily by reducing the outflow resistance. 
to the left ventricle (afterload) rather than by reducing - 
preload. The strong correlation between the pretreat- 
ment plasma renin activity and the decrease in pë- 
ripheral resistance (r = 0.825) and the lack of a corre- : 
lation between pretreatment renin and changes in either 
central venous pressure (r = 0.129) or left ventricular 
filling pressure (r = 0.315) further support this con: 4 
clusion. The converting enzyme inhibitor had qualita- 
tively similar effects on central venous pressure and lef ; 
ventricular filling pressure in both responders and 
nonresponders, but vascular resistance decreased only 
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in the responders, who had higher pretreatment renin 
levels. One possible explanation for this difference is 
that with any degree of venodilatation that results in 
preload reduction the converting enzyme inhibitor has 
an arteriolar dilating effect that decreases peripheral 
resistance only in patients with increased renin lev- 
els. 

_ Another possible explanation for the improvement 
in left ventricular performance after administration 
of the converting enzyme inhibitor in the responders 
is that the balance between oxygen supply and demand 
was altered as a result of coronary dilatation. It is known 
that angiotensin II increases coronary vascular resis- 
tance in patients after open heart surgery?? and that it 
decreases coronary blood flow in the anesthetized open 
chest animal. Furthermore, the converting enzyme 
Ero increased coronary blood flow in the sodium- 
depleted dog.?" Although it is possible that in the re- 
sponders of our study, an increase in coronary blood 
flow produced by the converting enzyme inhibitor may 
have contributed to the increase in left ventricular 
function, our results do not provide any information on 

his question. 
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The improvement in left ventricular function during 
afterload reduction with the converting enzyme inhib- 
itor in the responders might be considered evidence that 
the inhibitor has similar effects in patients with heart 
failure and an excess of angiotensin II. None of our pa- 
tients had heart failure, and the pretreatment pulmo- 
nary wedge pressure ranged from 3 to 13 mm Hg. 
However, one might assume that patients with heart 
failure and increased renin would have a similar re- 
sponse to the inhibitor. Indeed, preliminary reports 
suggest thàt blockade of angiotensin II with the inhib- 
itor has beneficial effects in such patients.38:39 

Finally, the results of our study clearly show that the 
converting enzyme inhibitor decreases pulmonary 
arterial pressure (Table II). This is not surprising be- 
cause it is known that angiotensin II has a vasocons- 
tricting effect on the pulmonary circulation.104! Our 
observations are important because most of the con- 
version of angiotensin I to II occurs in the endothelial 
cells of the pulmonary vascular bed. The effects and 
possible therapeutic applications of the converting 
enzyme inhibitor on the pulmonary circulation need 
further investigation. 
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A regimen consisting of chlorthalidone, hydralazine and propranolol would 
be useful in some hypertensive patients with coronary artery disease or 
aortic dissection if it could be shown that reflex cardiac stimulation in- 
duced by hydralazine is completely neutralized by propranolol. Nine hy- 
pertensive patients were treated with chlorthalidone during week 1, 
chlorthalidone and hydralazine during week 2 and a combination of 
chlorthalidone, hydralazine and propranolol during week 3. Blood pressure, 
heart rate, mean velocity of circumferential fiber shortening (Vcr) mea- 
sured echocardiographically and plasma renin activity were measured 
weekly. This potent three drug regimen reduced mean blood pressure from 
142 to 102 mm Hg, and with the third drug, propranolol, heart rate, Vor 
and plasma renin activity returned to control levels from the greater ele- 
vated levels produced by the diuretic drug and hydralazine. In six addi- 
tional patients Vcr (an index of left ventricular contractility) was found 
to be proportionate to the rate of rise of aortic pressure (dP/dt) or aortic 
shearing force. This regimen appears safe for use in patients with ischemic 
heart disease and aortic dissection. 


The effectiveness of propranolol in the management of angina pectoris 
and of propranolol combined with a diuretic drug in the management 
of hypertension is established. The antihypertensive potency of com- 
bined diuretic and propranolol therapy is significantly enhanced by the 
addition of the direct arteriolar dilator hydralazine, and adverse effects 
are minimal when compared with those of regimens that include sym- 
patholytic agents.! In addition, with this regimen blood pressure is 
lowered to the same degree in all bodily positions in contrast to the 
predominantly orthostatic effects of agents such as guanethidine that 
attentuate sympathetic transmission. However, the effectiveness of 
hydralazine is limited by a reflex increase in autonomic activity that 
augments heart rate and cardiac output.’ This reflex cardiac stimula- 
tion may increase myocardial oxygen demand and has been associated 
with myocardial ischemia.*-6 Although propranolol counteracts much 
of the undesirable action of hydralazine,'^? it is not known whether this 
counteraction is partial or complete. Therefore, use of this combination 
of drugs has generally been restricted to hypertensive patients who have 
no clinical evidence of coronary artery disease. 

Similarly, use of hydralazine has been avoided in the medical man- 
agement of patients with aortic dissection because of anticipated in- 
creases in the rate of rise of aortic pressure (dP/dt) associated with reflex 
sympathetic stimulation. Guanethidine and reserpine reduce aortic: 
dP/dt and are recommended pharmacologic agents for reduction of blood 
pressure in the presence of dissection. However, the potency of pro- 
pranolol combined with hydralazine may equal or exceed that of guan- 
ethidine or reserpine and may have the advantages described. 
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In this study we attempted to determine with non- 
invasive means the net effect on left ventricular per- 
formance of an antihypertensive regimen containing a 
diuretic drug, a vasodilator and a beta adrenergic 
blocking drug and thus to assess the applicability of 
such a regimen to hypertensive patients with coronary 
artery disease or aortic dissection. Echocardiographic 
measurements of left ventricular contractility (Vcr), in 
addition to changes in blood pressure, heart rate and 
plasma renin activity, were obtained after sequential 
pharmacologic interventions. A supplemental study was 
designed to examine the degree of correlation between 
left ventricular Vcr and aortic dP/dt. 


Methods 


Patients: Nine patients with established essential hyper- 
tension who had been evaluated in the Hypertension Clinic 
of North Carolina Memorial Hospital were admitted to the 
study. All met the following criteria: (1) at least two mea- 
surements of a supine diastolic blood pressure of at least 110 
mm Hg in the absence of antihypertensive therapy; (2) ab- 
sence of a history or clinical evidence of angina pectoris, 
congestive heart failure, significant pulmonary disease or 
impaired renal function; (3) cardiothoracic anatomy per- 
- mitting satisfactory left ventricular echocardiograms; and (4) 
reliability in taking medication, as assessed from pill 
counts. 

Protocol: Each subject made four clinic visits at weekly 
intervals. At each visit after 30 minutes of rest two measure- 
ments of supine blood pressure, a left ventricular echocardi- 
ogram, left ventricular ejection time measured from an ex- 
ternal carotid pulse tracing, an electrocardiogram and a 
sample of venous blood for assay of plasma renin activity were 
obtained. All subjects had discontinued prior antihypertensive 
drug therapy at least 3 weeks before entry into the study. At 
the first visit, control measurements were obtained and 
treatment with chlorthalidone, 50 mg/day, was begun. During 
the second visit, hydralazine was added to the regimen and 
the drug dose was increased in a stepwise manner to 50 mg 
every 8 hours before the third visit, when propranolol, 80 mg 
every 8 hours, was added to the regimen. During the fourth 
visit final measurements were made, and the patient was 
placed on a permanent antihypertensive regimen. 

Blood pressure determinations were made with a standard 
mercury sphygmomanometer according to the recommen- 
dations of the American Heart Association.? Mean blood 
pressure was calculated by adding one third of the pulse 
pressure to diastolic pressure. 

Echocardiography: Left ventricular echocardiograms 
were obtained using a Smith-Kline Ekoline 20 ultrasonoscope 
with a 2.25 megahertz transducer of 0.5 inch (1.27 cm) diam- 
eter recorded on a six channel Cambridge multichannel 
physiologic recorder using photographic paper. Left ventric- 
ular ejection time was determined from the carotid arterial 
pulse tracing recorded with a Hellige pressure transducer. 
Heart sounds were recorded with a Cambridge Leatham mi- 
crophone. Paper speed for determining left ventricular ejec- 
tion time was 100 mm/sec. Reported heart rates were obtained 
from the electrocardiogram, which was recorded after the 
patient had had approximately 30 minutes of rest in the su- 
pine position. Echocardiographic left ventricular end-systolic 
dimension was measured from the onset of the aortic com- 
ponent of the second heart sound as identified by the dicrotic 
notch of the carotid pulse or by closure of the aortic valve in 
the echocardiogram. End-diastolic dimension was measured 
at the peak of the R wave. Percent change in left ventricular 
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FIGURE 1. Hemodynamic and plasma renin activity responses tot h 
three drug regimens. " 


$ 
dimension was calculated as the difference between enc l 
diastolic and end-systolic dimensions divided by the end- 
diastolic dimension. The mean velocity of circumferent al 
fiber shortening (Vcr) was calculated as percent change in le! ft: 
ventricular dimension divided by the left ventricular ejectior 
time and expressed as sec™!. 

Plasma renin activity was measured according to a prev 
ously described modification of the method of Haber et al." 
Values are always expressed as mean + standard error. St a 
tistical analyses used Student's t test for paired observa 
tions. 2 

To study the relation between left ventricular contractil it) 
(Vcr) and aortic shear forces (dP/dt), a high fidelity micro 
manometer-tipped catheter (Millar Instruments, Houston 
Texas) was placed in the ascending aorta of six additional 
consenting patients undergoing routine cardiac catheterize A 
tion, and a left ventricular echocardiogram was recorded s 
multaneously. Patients with aortic stenosis, mitral regurgi- 
tation or left ventricular asynergy were excluded from ne 
group studied. Amy] nitrate was administered by inhalation 
in each patient studied in order to obtain multiple plot points, ' 
Linear regression analyses were used on these latter data. 
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Results $ 


The 4 weeks of study were completed by all nine pa- 
tients. These were five men and four women aged 25 to 
51 years whose weights ranged from 50 to 110 kg. A 

Hemodynamic responses: The effect of the thro 
regimens on mean supine blood pressure, heart rate 
Vcr and plasma renin activity are shown in Figure 
The hemodynamic responses of each individual patient Y 
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Individual Hemodynamic Response to Drug Regimens 
Case EDD* (mm) ESD* (mm) 
EN. 7106 72155028 74 236 $773 
1 54 53 49 54 35 36 26 35 
E AOE TOS T 53 41 X 05287. 4:39 
3 48 48 50 48 < 20 200 —-"aB 
: 39 .31 35 40 25. 4290 S ME ips 
; SRA ae ALS 42 875: 794-1533 32 
Mie 148 AB. 49 31 «2 3447324 -..00 
84590. 930 .. 32 49 42 46 49 
48 40 44 39 32 29 28 25 
E 42 34 38 38 24 22 19 0 
lean 48 447 447 45! 32 '" 81971. Or 
SE t2 + i2 +2 i2 42 +42 +2 


t propranolol. 


are described in Table I. The control mean blood pres- 
sure was 142 mm Hg; after 1 week of chlorthalidone, the 
mean pressure was reduced to 131 mm Hg (P <0.05). 
With chlorthalidone plus hydralazine, the pressure was 


th ee drugs the pressure became normal (102 mm Hg; 
P < 0.001). 


creased slightly. With the addition of propranolol it 
decreased significantly to 62 beats/min (P <0.025), 
lower than the control rate. 
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"IGURE 2. Case 1. Example of the DEC 
ffects of the regimens on left 
rentricular dimensions, left ven- 
'icular ejection time (LVET) and 
‘elocity of circumferential fiber 
hortening (Vor) in one patient. Left . 
anel, record during the control sis Sh 









'eriod; center panel, record after a iS EDD , ESD 
eek of chlorthalidone-hydralazine; 2. 9.4cm 3.4cem M 
ht panel, record after the addition MEO Tt" 1 





propranolol. EDD — end-diastolic 
imeter; ESD — end-systolic di- 
neter; IVS = interventricular 
ptum; LV = left ventricle; LVPW 

left ventricular posterior wall; 
CG-AA = phonocardiogram, aortic 
rea; PCG-MA - phonocardiogram, 
nitral area; S, = first heart sound; 


gi 


}> = second heart sound. 


: E Values in these columns are the average of 5 to 10 or more consecutive heartbeats. 
_ 1,4 Statistically significant change when compared with baseline t; previous regimen }. 
. 1- baseline; 2 = after 1 week of chlorthalidone; 3 = after 1 week of chlorthalidone + hydralazine; 4 = after 1 week of chlorthalidone + hydralazine 
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AD (mm) | 96 AD 

1 2 3 4 1 2 3 4 
19 17 23 19 35 32 47 35 
14 15 16 14 25 27 30 26 
17 19 21 12 35 40 42 25 
14 11 17 18 36 36 49 45 
10 11 10 10 21 24 24 24 
20 14 20 13 39 29 47 31 
15 12 16 17 31 29 35 35 
16 11 16 14 33 28 36 36 
18 12 19 8 43 35 50 4 
16 141 184 151 33 31 40^ 34 

+1 +1 21 +2 +2 +3 +3 









Left ventricular contractility and dimensions: 
The baseline value of Vcr, an ejection phase index of left 
ventricular contractility, was 1.11 sec—!. It increased 
insignificantly to 1.22 sec! with the diuretic drug alone. 
With the addition of hydralazine Vcr increased to 1.54 
sec^! (P <0.005). This increase was a function of both 
shortening of left ventricular ejection time and a de- 
crease in end-systolic dimension. When propranolol was 
added to the regimen, Vcr decreased to 1.11 sec, 
equaling the control value. The percent change in left 
ventricular dimension, a second measure of contractility 
independent of ejection time, changed insignificantly 
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(continued) 

Case LVET (msec) Vcr 

no. 1 2 3 4 1 2 3 
1 421 401 438 435 1.17 1.14 1.57 
2 399 388 378 407 0.88 . 1.00 1.20 
3 389 389 374 415 1.25 1.48 1.68 
4 426 397 403 416 1.24 1.57 1.96 
5 4394 375 .375 371 0.76 1.09 1.09 
6 439 417 414 390 1.15 0.91 1.68 
7 438 392 415 411 1.03 1.26 1.40 
8 407 381 388 427 1.10 1.12 1.38 
9 421 384 401 414 1.39 1.40 1.92 
Mean 415 392* 398* 410: 1:11 1.22 1.54* 

ESSE +6 +4 £7 +6 +0.06 £0.07 +0.10 


HR (beats/min) Mean Supine BP (mmHg) — - 


4 T. AE 9L 42239 3927-9 TN 
1.00 71. 4487581 5 88 197 114 115 — 96 ! 
0.88 67.0 b 75. GB 130 "$177, 149 5 "a ; 
0.76 64 70 73 50 137 '132 . M9 "ge 
1.55 80 98 90 74 157 122 . 1101. "101.0 
0.92 67 91 90 65 153 163 154 1049 
1.00 58. ET A19, — 1 149 145 4 117... 882 
1.17 81 95 97 65 163 129. 1321 7 11938 
1.16 63. 77-. 75 — 68 131 121, 121 S 109102 
1.57 65 79 83 67 131 136). 130 . 1109 
1.11 68 79! 83! 62!5 . 142 131! 12215 402% 33 
+0.09 $34 X3 49 L5 45 "24 3 


BP = blood pressure; AD = change in ventricular diameter; % AD = percent change in ventricular diameter; EDD = end-diastolic RA- 1 


ESD = end-systolic diameter; HR = heart rate; LVET = 
— velocity of circumferential fiber shortening. 


. with chlorthalidone, increased from 31 to 40 percent 
with the addition of hydralazine and decreased to con- 
trol levels with propranolol. A representative example 

. ofthe effect of the regimens on left ventricular dimen- 
. sions is shown in Figure 2. 
-Only the combination of chlorthalidone and hydral- 
azine significantly altered end-systolic dimension, re- 
ducing it to 27 mm from the baseline value of 32 mm. 
= End-diastolic dimension decreased significantly with 
. chlorthalidone and remained reduced with subsequent 
. therapy. Left ventricular ejection time indexed for heart 
. rate decreased significantly from the baseline value with 
- both chlorthalidone (415 + 6 to 392 + 4 (msec)) and 
chlorthalidone plus hydralazine (398 + 7), returning to 
. the baseline value (410 + 6) when propranolol was 
added. Plasma renin activity was 1.4 ng/ml in the con- 
trol period. It increased to 10.1 ng/ml with chlorthali- 
done (P «0.01), changed insignificantly when hydral- 
azine was added but then, with the addition of pro- 
pranolol, decreased significantly (P <0.05), almost to 
control levels. 

Four patients complained of headaches with the 
initiation of hydralazine. These symptoms subsequently 
resolved with the addition of propranolol. Otherwise, 
patients reported no untoward side effects and tolerated 
the regimen well. 

Left ventricular Vcy and aortic dP/dt: Echocar- 
diographically determined left ventricular Vcg and 
aortic dP/dt as determined from the intraaortic high 
. fidelity catheter at various heart rates are plotted for 
. each of the six additional patients in Figure 3. The 

percent of variance in aortic dP/dt explained by its as- 

. sociation with Vcr (R?) ranged from 0.63 to 0.87, indi- 

cating a strong relation between Vcp and aortic dP/dt. 

Furthermore, all six slopes are positive; thus the nature 

of such a relation is statistically significant at P — 0.05 

(based on a sign test). Finally, a 95 percent confidence 


interval for the median slope in this patient population — 


is 105.04 to 337.73 (confidence interval based on Wil- 
coxon signed rank statistic). Measurement of Vopr 
therefore affords not only an index of myocardial con- 
, tractility but also an index of aortic shearing force of 
blood in the aorta.!! 
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left ventricular ejection time indexed for heart rate; SE = standard error of the mean; Vog — 


Discussion 


The use of hydralazine in some patients with hyper: d 
tension has been contraindicated by the reflex increase | 
in sympathetic discharge produced by it. The latter - 
discharge increases myocardial contractility and heart — 
rate. Increased myocardial contractility and heart rate 
cause increased myocardial oxygen consumption and ; 
also lead to increased shear stress on the aorta. Because 
of these effects, use of hydralazine has been avoided in | 
patients with hypertension and ischemic heart disease 
or aortic dissection. Combining hydralazine with a di- 
uretic agent and propranolol creates a potent antihy- 
pertensive regimen that lowers blood pressure eq y 
in all bodily positions, avoids orthostatic hypotension 
and interferes little, if at all, with sexual function. It is 
established that propranolol neutralizes most of the 
reflex sympathetic stimulation of hydralazine, but if th " 
regimen is to be used in hypertensive patients with. | 
coronary artery disease or aortic dissection, it must be 
shown that propranolol administered in the usual 
long-term oral doses completely nullifies this sympas 3 
thetic effect. 

Vcr in hypertension and effect of combined hy- i 
dralazine, diuretic and propranolol therapy: The - 
use of velocity of circumferential fiber shortening (Vcr) — 
as a measure of left ventricular performance has been — 
well established,!? and the correlation between echo- - 
cardiographic Vcr and angiographic Vcr is strong.!3-15 - j 
In short-term studies Vcr has been shown to be rela- — 
tively independent of preload, inversely proportional 
to afterload and directly proportional to inotropic | 
stimulation and heart rate.!®!9 Vop has also been shown 
to have an inverse relation to the severity of chronic | 
diastolic hypertension.2° This latter characteristic of — 
Vcr is consistent with the findings in our hypertensive - 
patients whose baseline Vcr was moderately depressed _ 
at 1.11 sec^!. The observed changes that subsequently | | 
occurred in Vcr during antihypertensive therapy were | 
consistent with other changes in hemodynamic mea- - 
surements. With the diuretic drug chlorthalidone sonda e 
heart rate increased significantly from 68 to 79 beats/ — 
min, probably reflecting relative volume depletion.?^??  : 
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| | However, Vcr increased insignificantly with chlor- 
 thalidone, indicating insensitivity to the minimal re- 
T. duction in blood pressure or to the possible decrease in 
l Be load: With the addition of hydralazine to chlor- 
thalidone, Vcr significantly increased from the baseline 
value to 1.54 sec~!, reflecting in part reflex cardiac 
a Stimulation and possibly reduced afterload. Heart rate 
- remained elevated at 82 beats/min. The addition of 
_ propranolol to chlorthalidone and hydralazine returned 
/cy and heart rate to or below baseline levels, reflecting 
E: beta adrenergic inotropic and chronotropic blockade. 
— Roleof changes in heart rate: As previously noted, 
Ent] ei calculation of Vcr uses heart rate.!? In the normal 
- human subject, a higher heart rate is reflected in a 
‘or itor Ver as a result of reduction in left ventricular 
-ejection time. Although in this study changes in Vcr 
_ were roughly parallel with changes in heart rate, it is 
unlikely that they were caused solely by changes in heart 
| rate. This is because heart rate did not change with 
. addition of hydralazine to chlorthalidone whereas Vcr 
. increased further, indicating an increase in contractil- 
; ity. 


E consumption: The net effect of the three drug combi- 
. nation in our group of hypertensive patients was to in- 
L fluence favorably the determinants of myocardial 
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FIGURE 3. Regression analyses for left ven- 
tricular velocity of circumferentia! fiber 
shortening (Vor) and rate of rise of aortic 
pressure (dP/dt) for each of six patients. (Open 
circles indicate two identical data points.) 


oxygen demand. If one assumes no change in wall 
thickness, afterload was significantly diminished as seen 
by the reduction in systemic blood pressure and the 
decrease in left ventricular end-diastolic dimensions. 
Heart rate decreased significantly from 68 to 62 beats/ 
min. Measures of left ventricular performance. ex- 
pressed as Vcr and percent change in ventricular di- 
ameter, did not change significantly. 

Effects on plasma renin and aortic shearing 
force: Although it is unlikely that increased plasma 
renin activity occurring with the chronic use of a diuretic 
agent is detrimental, this study shows that propranolol 
largely nullifies the stimulation of the juxtaglomerular 
apparatus produced by chlorthalidone and hydralazine. 
The data also indicate that left ventricular contractility 
is proportionate to aortic dP/dt and therefore to aortic 
shearing force. Thus, we can assume that by preventing 
a rise in contractility with this regimen, a rise in aortic 
shearing force has also been prevented. 

Therapeutic implications: Without the certain 
knowledge that propranolol would completely neu- 
tralize cardiac stimulation induced by hydralazine and 
because of the experimentally necessary but clinically 
undesirable sequence of drug introduction (hydralazine 
preceding propranolol), it was considered potentially 
hazardous to carry out this study in patients with cor- 
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onary artery disease or aortic dissection. The data 


presented here suggest that this drug combination is 
safe and can be tried in patients with these diseases if 
hydralazine is not added until beta adrenergic blockade 
has been accomplished with propranolol. 
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Role of the Sympathetic Nervous System in Mediating 
The Renin Response to Head-Up Tilt 


. Their Possible Synergism in Defending Blood Pressure Against Postural Changes 


During Sodium Deprivation 


À 


To investigate the role of the sympathetic nervous system in controlling 
the response of renin to upright posture and the physiologic significance 
of this activation in cardiovascular homeostasis, the effects of 30 minutes 
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of 65^ head-up tilt were assessed before and during acute beta blockade 
with propranolol in patients with essential hypertension studied under 
conditions of low, normal and high sodium intakes. Before beta blockade 
mean blood pressure was always unchanged during tilt, whereas the 
absolute increases in renin were inversely related to the state of sodium 
balance. During beta blockade, the renin responses to tilt were always 
abolished and mean blood pressure was unchanged in sodium-loaded 
patients, whereas blood pressure decreased progressively during the last 
15 minutes of tilt on normal and low sodium intakes. The hypotension was 
much greater in sodium-deprived patients, all of whom fainted. 

These results indicate that the increase in renin during upright tilt is 
mediated by beta adrenergic receptors independently of the state of so- 
dium balance, and they suggest that the postural renin response can be 
an effector pathway of the sympathetic nervous system for supporting 
blood pressure during prolonged tilt. This pathway has minimal significance 
when sodium is present in excess, but it becomes more important when 
sodium is restricted. 


The increase in renin release that occurs during assumption of the up- 
right posture is believed to be a result of the reflex increase in sympa- 
thetic activity that is activated by the blood volume shift from the chest 
to the limbs." ? The basis for this conclusion is the absence of any pos- 
tural increase in renin during head up tilt in animals with denervated 
kidneys? and in normal subjects after beta adrenergic blockade’ or under 
the influence of antigravity devices.*? 

However, postural increases in renin were demonstrated in patients 
with autonomic insufficiency,!?.!! with spinal cord transection!^!?^ and 
after kidney transplantation!*!*; in one study!9 acute beta blockade 
failed to abolish the renin response to tilt. Furthermore, during the up- 
right posture renal blood flow,!” glomerular filtration rate!? and urinary 
sodium excretion!? decrease. These well known phenomena, in con- 
junction with the lack of correlation between plasma renin activity and 
plasma norepinephrine response to upright posture reported in some 
studies,'? raise the possibility that the intrarenal baroreceptive and 
natrioceptive mechanisms may also be operative in controlling the renin 
response to change of posture. 

A second aspect of interest is the physiologic relevance of activation 
of the renin-angiotensin system to cardiovascular homeostasis during 
orthostatic stress. The only available evidence on this subject is from 
the studies on anephric patients who, unless dehydrated, were able to 
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tolerate the erect position without becoming hypoten- 
sive??? and from recent studies?! of normal subjects on 
normal sodium intake who had no decrease in blood 
pressure during tilt after infusion of a converting en- 
zyme inhibitor. 
The purpose of this study was to examine the time 
` course of renin and norepinephrine responses to head- 
up tilt and to determine to what extent the postural 
increase in renin was suppressible with acute beta ad- 
renergic blockade with propranolol and whether the 
maintenance of blood pressure during tilt was affected 
differently by renin suppression depending on the 
conditions of sodium balance. 


Methods 


Patients: Eight hospitalized patients with essential hy- 
pertension, four men and four women aged 33 to 58 years, were 
included in the study, which was conducted with the approval 
of the Committee on Human Rights in Research. Patients 
with secondary causes of hypertension were excluded. No 
patient had any other disease or complication related to hy- 
pertension, and none received antihypertensive treatment for 
at least 2 weeks before the study. 

Protocol: Studies were always performed between 8 A.M. 
and noon with the patient supine in a quiet room. The elec- 
trocardiogram was recorded continuously, and a slow intra- 
venous infusion of 0.9 percent sodium chloride solution was 
started. The total volume of saline infused in the studies was 
always equal to the volume of blood collected. After the pa- 
tient had been supine for 60 minutes, baseline sphygmoma- 
nometric arterial pressure and heart rate (at least five read- 
ings) were recorded, and baseline blood samples for renin 
activity, norepinephrine and microhematocrit determinations 
were collected. | 

The patients were then tilted within 30 seconds, at a con- 
stant rate, from the horizontal to the 65? head-up position; 
they had been familiarized with this maneuver on a previous 
day. Blood samples were collected after 15 to 30 minutes of 
tilt; blood pressure was recorded with a sphygmomanometer 
and heart rate was measured manually every 2 minutes during 
tilt. 

Patients were then returned to the supine position for 60 
minutes, after which a set of blood samples was collected. 
Then 0.12 mg/kg of propranolol hydrochloride was infused 
for 5 minutes. Blood was again collected 15 minutes after the 
beginning of the infusion, and this moment was considered 
the new baseline. The patients were again tilted and blood was 
collected after 15 and 30 minutes. 

These studies were performed in six patients during the 
ingestion of 100 mEq sodium ion/day, and in four of these 
patients after 5 days of dietary sodium loading (300 mEq so- 
dium ion/day) and sodium deprivation (10 mEq/day). 

Laboratory methods: Blood for norepinephrine deter- 
minations was collected in vacutainers containing ethylene 
glycol tetraacidic acid (EGTA) and glutathione to prevent 
coagulation and oxidation. Norepinephrine was determined 
with the radioenzymatic technique of Passon and Peuler?? in 
the Upjohn Laboratory. The limit of sensitivity of this method 
is 5 picograms (pg). 

Blood for plasma renin activity determinations was col- 
lected in dipotassium EDTA vacutainers and processed at 
room temperature to avoid inadvertent activation of proren- 
in.?? Plasma renin activity was determined with radioimmu- 
noassay of angiotensin I after incubation of plasma in the 

. presence of angiotensinase inhibitors, using the technique of 
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FIGURE 1. Effects of 65° head-up tilt before (left panel) and during — | 
(right panel) acute beta adrenergic blockade with propranolol 0.12 
mg/kg intravenously (i.v.) in six patients ingesting 100 mEq sodium ion 
(Na+)/day. Each point represents a mean value + standard error of the Y 

mean. In the right panel, the statistically significant changes in blood 
pressure (B.P.), heart rate (H.R.) and plasma renin activity in the supine 
position after propranolol infusion refer to the pre-propranolol supine — - 
levels; the significant changes in heart rate, plasma norepinephrine and — . 
plasma volume during tilt refer to the post-propranolol supine levels. — 
Asterisks indicate P «0.05. 3 


Bs. 


Sealey and Laragh.”4 The limit of sensitivity of this method — 
is 0.15 ug/ml per hr. Changes of plasma volume were measured — - 
from the changes in peripheral microhematocrits according — 
to the formula P = 100/(100 — H;) X 100 (Hə — H;)/Ho, where 
P = the percent decrease in plasma volume, and H; and Ho 
= the initial and final packed cell volumes, respectively.?5 

All results are expressed as mean values + standard error 
of the mean. Statistical significance was tested with the Stu- 
dent t and Wilcoxon tests for paired data, with each subject 
serving as his own control. 


Results 


Effects of tilt before and during beta blockade 
in patients on normal sodium intake: In control 
studies (Fig. 1, left panel), mean supine blood pressure 
was 133 + 8 mm Hg, heart rate 75 + 3.7 beats/min, 
plasma renin activity 2.2 + 0.5 ng/ml per hr and plasma 
norepinephrine 216 + 43 pg/ml. 

During tilt, mean blood pressure was unchanged; 
heart rate responded rapidly, with increases at 15 and 
30 minutes of 14 + 2 (18 + 3 percent) and 22 + 2 (29 + 
2 percent) beats/min, respectively. Plasma renin activity 
increased by 1.6 + 0.7 (65 + 17 percent) and 2.8 + 1.2 
(123 + 47 percent) ng/ml per hour (P «0.05 for both); 
plasma norepinephrine increased by 191 + 39 (197 4- 51 
percent) and 241 + 54 (182 + 95 percent) pg/ml (P 
«0.05 for both). In two of six patients, the norepi- 
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. FIGURE 2. Effect of 65? head-up tilt in four patients after 5 days on diets 
.. of 300 (left panel) and 10 (right panel) mEq sodium ion (Na--)/day. 
Asterisks indicate P «0.05. Abbreviations as in Figure 1. 


| nephrine response leveled off between 15 and 30 min- 
. utes while renin was still increasing. The calculated 
. decreases in plasma volume were 12 + 0.4 and 14.7 + 0.8 
percent of control values (P «0.05 for both). 
~ After 60 minutes of the supine position, all of the 
- variables had returned to pre-tilt levels (Fig. 1, right 
. panel). Then 15 minutes after propranolol infusion, 
— mean blood pressure increased from 127 + 8 to 132 + 
.. 9 mm Hg, heart rate decreased from 75 + 2 to 65 + 5 
beats/min, and plasma renin activity decreased from 2.2 
_ + 0.8 to 1.7 + 0.6 ng/ml per hour. All of these changes 
- were statistically significant (P <0.05). No significant 
— changes were observed in plasma norepinephrine or 
. plasma volume. 
During the subsequent tilt, mean blood pressure 
decreased significantly to 120 + 6 mm Hg at 30 minutes. 
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The response of heart rate decreased by 43 and 59 per- 
cent at 15 and 30 minutes, respectively, whereas the 
response of renin was abolished in all patients. The 
mean absolute increase in plasma norepinephrine and 
the mean decrease in plasma volume were not signifi- 
cantly different from the values in the control stud- 
ies. 
Effects of tilt during high and low sodium intake: 
Four patients underwent these studies on both high and 
low sodium intake; plasma norepinephrine and the 
changes in plasma volume were not determined in these 
studies. With the high and low states of sodium balance 
(Fig. 2), mean supine blood pressure and heart rate were 
similar, whereas plasma renin activity was 1.7 + 0.3 and 
4.2 + 1.8 ng/ml per hour, respectively. Baseline plasma 
renin levels were consistently lower on high sodium 
intake than after sodium deprivation, but the difference 
was not statistically significant because the absolute 
renin levels in sodium-depleted patients ranged from 
1.5 to 9.5 ng/ml per hour. During tilt on both diets, mean 
blood pressure was unchanged and heart rate increases 
were similar; plasma renin activity increased by 0.6 + 
0.2 and 1.2 + 0.5 ng/ml per hour, respectively, after 15 
and 30 minutes of tilt during sodium loading, in contrast 
with increases of 2 + 1.1 and 3.6 + 2.3 ng/ml per hour 
during sodium deprivation. On both diets plasma renin 
activity during tilt increased consistently in all patients, 
but the increases were not statistically significant be- 
cause of the large standard deviations. Also the absolute 
responses of renin were consistently greater during so- 
dium depletion than during sodium loading. 

Effects of tilt during beta blockade on high and 
low sodium intake: After 60 minutes of the supine 
position, all the variables were similar to the pre-tilt 
values on both diets (Fig. 3). The infusion of propranolol 
induced a decrease in mean heart rate similar to that 
observed when the patients were ingesting 100 mEq 
sodium ion/day. Plasma renin activity decreased from 
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] FIGURE 3. Effects of 65? head-up tilt in the 
ARAA same four patients as in Figure 2 during acute 
beta blockade with propranolol 0.12 mg/kg 
intravenously (i.v.). In the left panel, the sig- 
nificant changes in blood pressure, heart rate 
and plasma renin activity in the supine position 
after propranolol infusion refer to the pre- 
propranolol levels. The significant changes in 
heart rate during tilt refer to the post-pro- 
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pranolol supine levels. In the right panel, blood 
pressure and heart rate values are reported 
individually. (The plasma renin activity value 
after 15 minutes of tilt is the mean value for 
three patients only.) Abbreviations as in Figure 
1. 


. 602 March 1979 The American Journal of CARDIOLOGY Volume 43 


aaa ee a fe 


1.8 + 0.6 to 1.3 + 0.4 and from 5 + 2.6 to 4 + 2.3 on high 
and low sodium intake, respectively. 

During tilt the heart rate response decreased simi- 
larly on both diets, and the renin response was again 
abolished. However, blood pressure did not decrease 


significantly in any of the sodium-loaded patients, but - 


when deprived of sodium, all of patients experienced 
hypotension and fainted. 


Discussion 


The recent introduction of specific and sensitive ra- 
dioenzymatic assays has made more accurate determi- 
nation of plasma catecholamines possible.?2,2627 A]. 
though several factors such as the intra- and extraneural 
uptake, the rate of metabolism and the clearance by the 
kidney may affect plasma concentrations of these 
amines, it can be assumed that plasma norepinephrine 
levels reflect the activity of the sympathetic nervous 
system.78 

Role of sympathetic nervous system in control- 
ling renin response to head tilt: Our results suggest 
that the sympathetic nervous system has a primary role 
in controlling the renin response to tilt because of (1) 
the similar time course of the increases in norepineph- 
rine and renin, and (2) the abolished renin response to 
tilt after propranolol infusion. Therefore, at least up to 
30 minutes, the renin response to tilt is mediated by the 
beta adrenergic stimulation. 

The assumption that propranolol blocks only the 
neurally mediated renin release might be questioned 
because of the possible action of propranolol at some 
intracellular site of the juxtaglomerular apparatus distal 
to the adrenergic receptors”? and because of the addi- 
tional inhibition of renin by an enhanced alpha adren- 
ergic tone.?? However, a more substantial body of evi- 
dence?!» indicates that the renin suppressive effect of 
propranolol is a consequence of the juxtaglomerular 
adrenoreceptor blockade. The observation that renin 
response to tilt is suppressible by beta blockade con- 
forms the findings of Davies and Slater? in normal 
subjects. Therefore, it appears that the same mechanism 
activates the postural response of renin in hypertensive 
and normotensive subjects. 

However, our studies provide additional information. 
First, the decrease in plasma renin activity after beta 
blockade in supine patients indicates that the adren- 
ergic activity maintains a sort of tonic control of renin 
release even when the sympathetic nervous system is 
not stimulated. Second, our results show that, whatever 
the sodium balance, the neural mechanism alone can 
control the renin response to upright posture. 

A further observation is the failure of renin to increase 
in patients on normal sodium intake during tilt and beta 
blockade even when blood pressure was significantly 
decreased. Hypotension may result in renin release, 
depending on a reflex stimulation of the beta adreno- 
receptors or on activation of the intrarenal barorecep- 


tors resulting from a decrease in renal perfusion pres- 
sure; our results suggest that, at least for a relatively 
small decrease in blood pressure, the former mechanism 
' is probably predominant. 


SYMPATHETIC NERVOUS SYSTEM AND RENIN RESPONSES MORGANTI ET AL. 
j pr Me i 





Also noteworthy is the discrepancy between the re- 


sponses of heart rate and renin to tilt during beta  . 
blockade: the former decreased and the latter was - 


abolished. The partial “escape” of the heart rate re- 


sponse to beta blockade suppression is probably due to 


the vagal withdrawal that occurs during the assumption - 


of upright posture. Therefore, our data indicate that 
estimating the degree of renin blockade on the basis of 
the decrease in the heart rate response to standing can 
be misleading. 

Significance of the renin response to orthostatic 


stress: With regard to the significance of the renin re- 


sponse in cardiovascular homeostasis during orthostatic 
stress, we recognize that the observed decreases in blood 


pressure may not have been a direct result of the renin _ 


suppression because of the concurrent effects of pro- 
pranolol on cardiac performance. However, several 


considerations lead us to conclude that the blockade of — 
the renin response might have contributed to the in- — 
adequate maintenance of blood pressure. First, the — 


o SCR F 


> DIE 


extreme opposite conditions of sodium balance did not  . 


alter the maintenance of adequate blood pressure dur- _ 


ing tilt alone, and the absolute increases in heart rate 


were similar on both diets. Thus, the hypovolemia that 
occurred during sodium deprivation apparently did not — 


produce a greater cardiac compensation than during — 


sodium loading for the tilt-induced decrease in plasma 
volume. In contrast, the renin responses to tilt wereal- 
ways higher during low than during high salt intake. | 
Because in sodium-depleted patients angiotensin has — 


been shown to support cardiac performance by en- . 


hancing either venous return or myocardial contractil- _ 


ity,?6 it is possible that the neurally activated renin re- 


sponse is significant in supporting blood pressure during — 


tilt and is activated by prolonged orthostatic stress 
during sodium restriction. This conclusion is supported 
by the observation that the suppression of the renin 
response was associated with marked hypotension only 
when patients were sodium-depleted and, in all but one 
patient, only during the last 15 minutes of tilt. 


Role of propranolol: It can be argued that the pro- 


pranolol-induced decrease in the cardiac output re- 


sponse to tilt could have contributed to the decrease in _ | 
blood pressure during tilt because of a less efficient 
compensation for the decrease in plasma volume. Al- — . 


though this possibility cannot be excluded, it should be 
recognized that the magnitude of the changes in cardiac 
output due to tilt is the same after the administration 
of intravenous propranolol and placebo! and that 
propranolol, when acutely infused, decreases cardiac 
output mainly by decreasing heart rate.!9?7 Because in 
our studies the decrease in heart rate was similar after 
propranolol infusion on both diets either in the supine 
position or during tilt, it appears unlikely that the im- 
pressive differences in blood pressure during tilt were 
due solely to the cardiac effects of propranolol. 
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20 days to shape his worlc 


in essential hypertension, the first 20 days are 
decisive. 

The sad fact is, half of America’s hyper- 
tensives drop out of treatment.’ 


You can improve those odds. Here's how: 


1. COUNSEL: Talk to your patient about the 
disease and its consequences—about 
strokes, heart attacks, and kidney failure. Tell 
him he must take medication daily, and for the 
rest of his life. 


2. CATAPRES® (clonidine hydrochloride): 
because it works, and people stay with it.? 


Counsel...and Catapres. They can help 
change the odds against your patient's future. 


Please see brief summary of prescribing 
information on last page of this advertisement 
for warnings, precautions, and adverse 
reactions. 
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If you've come to expect 
only this much of Catapres... 


1. smooth lowering of blood pressure 


2. effective for all degrees of hypertension (mild to 
moderate in potency) 


3. brain, heart, and kidney blood flow preserved 


Ask for more of Catapres 


1. nocontraindications 
2. normal hemodynamics 


3. low incidence of depression and orthostatic 
hypotension 


4. no fatal hepatotoxicity 
5. excellent record of compliance 


Most common side effects are dry mouth, drowsi- 
ness and sedation, which generally tend to diminish 
with time. 


Please see brief summary of prescribing information on 
last page of this advertisement for warnings, precautions, 
and adverse reactions. 
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MR T PRISES 
(clonidine hydrochloride) 
Tablets of 0.1 mg and 0.2 mg 


Indication: The drug is indicated in the treatment of 
hypertension. As an antihypertensive drug, Catapres 
(clonidine hydrochloride) is mild to moderate in potency. 
It may be employed in a general treatment program 
with a diuretic and/or other antihypertensive agents 

as needed for proper patient response. 


Warnings: Tolerance may develop in some patients 
necessitating a reevaluation of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in 
animals, and since information on possible adverse 
effects in pregnant women is limited to uncontrclled 
clinical data, the drug is not recommended in women 
who are or may become pregnant unless the potential 
benefits outweigh the potential risk to mother and fetus. 
Usage in Children: No clinical experience is available 
with the use of Catapres (clonidine hydrochloride) in 
children. 


Precautions: When discontinuing Catapres (clonidine 
hydrochloride), reduce the dose gradually over 2 to 

4 days to avoid a possible rapid rise in blood pressure 
and associated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without consulting 
their physician. Rare instances of hypertensive encepha- 
lopathy and death have been recorded after cessation 
of clonidine hydrochloride therapy. A causal relation- 
ship has not been established in these cases. It has 
been demonstrated that an excessive rise in blood pres- 
sure, should it occur. can be reversed by resumption 

of clonidine hydrochloride therapy or by intrave- 

nous phentolamine. Patients who engage in poten- 

tially hazardous activities, such as operating machinery 
or driving, should be advised of the sedative effect. 

This drug may enhance the CNS-depressive effects of 
alcohol, barbiturates and other sedatives. Like any other 
agent lowering b'ood pressure, clonidine hydrochloride 
should be used with caution in patients with severe 
coronary insufficiency. recent myocardial infarction. 
cerebrovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Catapres (clonidine hydrochloride) 
should receive periodic eye examinations. While. 
except for some dryness of the eyes, no drug-related 









abnormal ophthalmologic findings have been recorded 
6 months or longer. 
can hel Dp you Adverse Reactions: The most common reactions are 
b D Generally these effects tend to diminish with continued 
E therapy. The following reactions have been associated 
| with the drug. some of them rarely. (In some instances 
» an exact causal relationship has not been established.) 
tion tests; one report of possible drug-induced hepa- 
| titis without icterus and hyperbilirubinemia in a patient 


with Catapres (clonidine hydrochloride). in several 
dry mouth. drowsiness and sedation. Constipation, 
These include: Arorexia. malaise. nausea. vomiting. 
i receiving clonidine hydrochloride. chlorthalidone and 


Tablets of 0.1 and 0.2 mg & 
studies the drug produced a dose-dependent increase 
lo idi H | ; in the incidence and severity of spontaneously occur- 
C ni mne ring retinal degeneration in albino rats treated for 
dizziness. headache. and fatigue have been reported. 
parotid pain, mild transient abnormalities in liver func- 
papaverine hydrochloride. Weight gain, transient eleva- 


Counsel...and Catapres. They can help change tion of blood glucose. or Sanum praune phospriokmaad 
: è ; t art n non; 
the odds against your patient's future. And to dreams or nightmares. insomnia. other behavioral — 
change them even more, ask us for these from SEDO NIN AD cath, INDONES dave pd at 
your Boehringer representative: urticaria, thinning of the hair, pruritus not Piana nap) 
; ith h, impot > r tention, 
| sensitivity to alcohol, dryness. itching or burning of the 
Li j Y j : " , dryness of th | mucosa. pallor. - 
A major new film “Compliance: State of the Art xis bera ior Mee eed 
sn | compliance monograph electrocardicgraphic abnormalities manifested as 
. » Wenckebach period or ventricular trigeminy. 
— Patient Aid Booklet Overdosage: Profound hypotension. weakness. somno- 
— Patient Worksheets jowed the accidental ingestion of Catapres (Clonidine 
— Patient Reminder Postcards ears Ol age. Gase lavage anid ed giessietion REN 
P lepti d v led t lete 
Other effective compliance enhancers analeptic and vasopressor lad to complete recovery 


10 mg at 30-minute intervals usually abolishes all ef- 
fects of Catapres (clonidine hydrochloride) overdosage. 


References: How Supplied: Catapres. brand of clonidine hydro- 
1. Wilber JA, Barrow JS: Am J Med, 52:653-663, 1972. chloride. is available as 0.1 mg (tan) and 0.2 mg 
— A 2. Data on file at Boehringer Ingelheim Ltd. (ange) oval. single-scored tablets in bottles of 100 
f an 
For complete details, please see full prescribing 
Y information. 


| Under license from Boehringer Ingelheim GmbH 
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criteria in choosing 
a Holter service 


Before you select a Holter service, make 
sure it meets these 4 important stand- 
ards. Telemed does! 


4. Technician Specialization. 


Scanning a long term ECG tape is a spe- 
cialty requiring intense concentration. 


Telemed makes sure this concentration 
is not disturbed. Holter monitoring is the 
only responsibility our Holter technicians 
have. This not only sharpens their focus, 
out also better enables them to spot 
meaningful events, morphologic 
changes, armhythmias, even slight ab- 
normalities. 

2. Non-Fatiguing Technician 
Workload. 

Volume is important to any Holter scan- 
ning service, but Telemed never puts 
quantity ahead of quality. Telemed's 
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“Always Alert” Policy limits the number 
of tapes a Holter technician can scan 
per day. This minimizes fatigue, so 
technicians are more alert, ready to 
recognize changes no matter how slight. 


3. Emergency Alert. 

Telemed provides a double assurance 
that you are notified immediately if any 
life threatening abnormalities appear. 
Double assurance because both the 
Holter technician and a staff cardiologist 
review each scan for events which re- 
quire your immediate attention. You are 
notified at once when such events are 
spotted, 


4. Continuous Dual-Channel 
Equipment. 

The Telemed Holter Scanning Service 
fectures state-of-the-art, continuous 
dual-channel monitoring equipment for 
greater reliability in arrhythmia detection 


and in the diagnosis of coronary artery 
disease. 


Telemed's Holter Scanning Service in- 
cludes tapes, patient diaries, mailers, 
service and maintenance. Plus Telemed 
trains your personnel at no extra charge. 
For full details on how Telemed Holter 
scanning can help you help your 
patients, call or write Telemed today. 


Telemed's Holter Scanning Service 
meets all four crucial standards. 


CORPORATION 


2345 Pembroke Avenue 
Hoffman Estates. IL 60195 
312/884-5900 
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INTERMEDICS PULSE GENERATORS 

INDICATIONS FOR USE Implantable cardiac pulse generators 
may be indicated for long-term treatment of impulse forma- 
tion and conduction disorders resulting in symptomatic 
bradyarrhythmias, tachyarrhythmias, and heart block unre- 
sponsive to drug therapy 

PRECAUTIONS Implanted pacemakers have a finite and rela- 
tively wide variable service life as a result of factors such as the 


manufactured pacemaker; variations in electrode system resis 
tances, stimulation rate, and the percentage of time the im- 
planted pacemaker is inhibited; and random electronic 
component failures 

Pacemaker operation can be influenced by electric, magne- 
tic, or electromagnetic energy mimicking normal cardiac ac- 
tivity. In addition, certain environmental sources can couple 
sufficient energy into a pacemaker system to damage the pulse 





pacemaker patients because of possible total inhibition of the 
pulse generator; electrocautery can inhibit and/or damage the 
pacemaker as well as cause burns or possible ventricular fib- 
rillation; defibrillation can damage the pacemaker, and the 
presence of the pacemaker may cause increased cardiac muscle 
damage from defibrillation. Certain electrical and gasoline- : 
powered appliances can cause inhibition of an implanted 

cardiac pacemaker system 






the Intermedics cardiac pulse generator to be used. 
CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a 
medical method for control of heart rate. Body rejection 
phenomena, local tissue reaction or skin necrosis, muscle 
and nerve stimulation, embolism, and cardiac tamponade 
have been renorted 


You want her pacemaker 
to be reliable, 


and she wants to wear her 
designer originals. 


Intermedics ThinLith.™ 





A thinner, lighter pacemaker 
for your patient’s well being. 


No one has to tell you that a 
pacemaker implant raises a 
number of concerns among your 
patients. One concern many of 
your patients may share is, very 
simply, “How much will it show?” 
At Intermedics, we are cognizant of 
this concern. We've designed a 
series of pacemakers to help mini- 
mize appearance anxiety among 
your patients while giving you the 
reliability of our CMOS circuitry in 
a trimmer, more compact size. 
Yes, the ThinLiths employ the 
same dependable CMOS circuitry 
proven successful in our other 
Intermedics pulse generators. In 
addition, the lighter weight, 
reduced thickness and smoothly 
rounded corners reduce pocket 
bulge and add to the post-operative 
comfort of your patients. Also, the 


ThinLith design helps to reduce 
skin pressure necrosis and the 
chances of pacemaker migration 
within the body. 

ThinLith. The answer to your 
concerns about reliability. And 
your patients’ concerns about 
appearance. : 

Examine the dimensions of our 
ThinLiths, and assure your patient 
that she can still wear those 
designer originals. Contact your 
Intermedics representative for 
more information on the ThinLith 
series. 


Typical dimensions of the ThinLiths 


Height Width Thickness Weight Volume 
(cm) (cm) (cm) (g) (cma) 


ThinLith I* 6.6 4.6 1.1 78 30 
ThinLith I* 6.0 4.6 1.1 68 27.5 
ThinLith I — 5.1 4.6 1.1 55 22 


The ThinLith. 


Part of a Superior Pacing 
System From Intermedics. 





4&9 lntermedics Inc. 


P.O. Box 617 
Freeport, Texas 77541 


Our business is life. 
ThinLith is a trademark of Intermedics, Inc. 


© Copyright 1979, Intermedics, Inc., Freeport, Texas 


*The ThinLith I and ThinLith II models 
(225-01 and 227-01) now carry a Patient 
Lifetime Replacement Agreement. 
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In specific ventricular arrhythmias... 


Efficacy thoroughly proved and documented— No other antiarrhythmic 
subjected to such rigidly controlled study prior to introduction. 


Effective in specific ventricular arrhythmias—Indicated in premature 
ventricular contractions (PVCs): unifocal, multifocal or paired PVCs 
or episodes of ventricular tachycardia (VT). 


Excellent patient tolerance—In an 
analysis of the side effects in the entire 
study population of the Norpace/quinidine 
^ comparative trial, only 8.196 of the 62 
Quinidine dropouts patients on Norpace dropped out 
because of side effects compared with 
35.5% of the 62 patients on quinidine. 
The side effects experienced by 
Norpace patients were mild, transient 
and mainly anticholinergic and 
included dry mouth, urinary hesitancy, 
constipation and blurred vision. 


Unifocal Multifocal! Ventricular 
PVCs PVCs tachycardia 


f Dose-related plasma levels—Plasma levels correlate 
P obey with dosage. 


. Norpace (disopyramide phosphate) effect on hemodynamics— 
- Rarely alters blood pressure significantly at recommended 
|. doses. May reduce cardiac output by about 10%. 


| jidlo aiig Norpace (disopyramide phosphate), please consult In patients with marginally compensated heart failure or with. ah story 
| E. curren Bcamiplete prescribing information, a summary of which follows: heart failure, Norpace may worsen cardiac decompensation. Norp ic oí 1 
. . Indic Norpace is indicated for suppression and prevention of recur- dosage should be reduced or discontinued if adequate control of cong . 
na tenc e of ‘the following cardiac arrhythmias when they occur singly or in tive failure is not attained with appropriate treatment. Patients receiving — 
ombir nation: unifocal premature (ectopic) ventricular contractions; pre- concomitant therapy with more than one antiarrhythmic drug must be T. 
€ (a topic) ventricular contractions of multifocal origin: paired carefully monitored for serious negative inotropic effects or omplex ar y 
EU pu Me fentricular contractions (couplets); and episodes of ventricular prolonged conduction, evidenced by widening of the QRS comple and/o 
|... fach eee ventricular tachycardia is ordinarily treated with prolongation of the Q-T interval. e^ 
ED Ae oversion). If first-degree heart block develops, the dosage of Norpace should be : 
Rea, =. Nor pace M Uy effective in treating the above arrhythmias in both reduced. If the block persists, continuation of Norpace must depend nee | 
ES. C SI and nondigitalized patients. It is also equally effective in treating an assessment of the benefit versus the risk. Development of : second- or 
ry car iac arrhythmias and those which occur in association with third-degree AV block or uni-, bi- or trifascicular block requires oa 
art disease including coronary artery disease. Oral Norpace has tinuation of Norpace, un ess the ventricular rate is adequately control lled 
dequately studied in patients with acute myocardial infarction or by a pacemaker. 
with persistent ventricular tachycardia or atrial arrhythmias and Because of its anticholinergic alah ge wet Norpace should not be used 
cated for ein prevent due to digitalis intoxication. The value of in patients with eee myasthenia gravis or urinary ia sr pra 
; opie aci ; adequate overriding measures are taken, f y 
pic Precautions: If significant widening. ( reater than 25%) of he | 
complex occurs, Norpace should scontinued. If Ore TO 
greater than 25% occurs and if depen continues, monito: 
consider discontinuing Norpace. y 
Patients with atrial flutter or fibrillation should be dita 
Norpace administration to ensure that drug-induced ent 
coriduetigr b Ped not SN. a ventr cular re gie pl 


rhythm 
s itis ror compensa A by or 


nia à and p treatment "eliding optimal 


a 
n 
= 


TE ht 
T x AX Es fe BC NA m "mi 





Wa FSS 





xroved by extensive Holter monitoring 


NOPPace 


(disopyramide phosphate) 


as effective as quinidine sulfate...with a 
lower incidence of severe side effects 


Dosage and administration—Supplied as 100-mg and 150-mg capsules. Dosage should be 
individualized based on response and tolerance. Usual adult dosage is 400 to 800 mg per 
day given in divided doses four times daily. 


Initial Norpace dosage 


Patients 110 Ib or more 


Patients less than 110 Ib 





150mgq6h 
100 mg q6h 


Patients with specific complications: 


Patients with possible cardiac decompensation, 
cardiomyopathy, reduced left ventricular function or 


100 mgq6h 


hypotension due to these or other causes 


Patients with moderate renal impairment 
(Ccr > 40 ml/min) or hepatic insufficiency 


Patients with severe renal insufficiency 


(Ccr < 40 ml/min) 


100mgq6h 
(200-mg loading dose optione 


100 mg given approximately 
every half-life (T2) (200-mg 
loading dose optional) 


Cc: = 40-15 ml/min q10h 
Ccr = 15- 5 ml/min q20h 
Cc: = 5- 1ml/min q30h 


In patients without the complications specified above in whom rapid control of arrhythmia: 
is essential, therapy may be initiated with a loading dose of 300 mg (200 mg for patient: 


under 110 Ib). 


For complete Norpace dosage recommendations, please see complete prescribing information, a 


brief summary of which appears below. 


— . Patients with myocarditis or other cardiomyopathy may develop signifi- 

_ cant hypotension in response to the usual dosage of Norpace. 

-... Norpace dosage should be reduced in patients with impaired renal or 

hepatic function and the electrocardiogram carefully monitored for signs 

- of overdosage. 

__ Antiarrhythmic drugs may be ineffective in patients with hypokalemia. 

Therefore, any potassium deficit should be corrected before instituting 
lorpace therapy. Use in Pregnancy and Lactation: Safe use in pregnancy 

has not been established. Norpace has been reported to stimulate contrac- 

tions of the pregnant uterus. The use of Norpace in pregnant women 

] ay lig al potential benefit be weighed against possible hazards to 

-tne fetus, 

| _ It is not known whether disopyramide is excreted in human milk. How- 

ever, studies in rats have shown that the concentration of disopyramide 

and its metabolites is up to three times greater in milk than in plasma. If 

_ use of the drug is deemed essential, an alternate method of infant feeding 





should be instituted. 


Labor and Delivery: The effects of Norpace on the fetus during delivery or | 
on th ? course of labor and calvary are unknown. gu Sa | 
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edema/weight gain, shortness of breath, syncope, chest pain. Dermatolog 
generalized rash/dermatoses. The following have occurred, but a causal 
relationship is uncertain: impotence, depression, insomnia, hypoglycemi 
(usually in patients with impaired liver function), and dysuria. Acute 
Porch and cholestatic jaundice, both reversible, have been reported. 
sage and Administration: Dosage must be individualized for each 

patient on the basis of response and tolerance. The usual adult dosage i 
400 to 800 mg per day given in divided doses four times daily. The recon 
mended dosage schedule for most adults is 150 mg every six hours. For 
patients weighing less than 110 pounds (50 kg) the recommended dosa¢ 
is 100 mg every six hours. 

If rapid control of arrhythmia is essential, an initial loading dose of 30! 
mg of Norpace (200 mg for patients weighing less than 110 pounds) is 
recommended. For patients with cardiomyopathy or possible cardiac 
decompensation, a loading dose should not be given and the initial dost 
limited to 100 mg every six hours, with subsequent dosage adjustments 
made gradually under close monitoring. ; 

See current complete prescribing information for dosage recom- 


. How Supplied: eu etm peo e A 100 mg or 150 mg of disopyramide 


base. Available in bottles of 100 capsules. 
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COUMADIN 








CRYSTALLINE 
SUDIUM WARFARIN USP) 





FOR ORAL ANTICOAGULATION 


Prophylactic Use 


A number of cardiac syndromes can predis- 
pose patients to thromboembolic episodes. 
The greatest threat of thromboembolism, 
however, exists in patients with a history of 
obesity, excessive cigarette smoking or pre- 
vious episodes of venous thrombosis or 
pulmonary embolism. Postoperative patients 
requiring extended immobilization and the 
elderly are at high thromboembolic risk as are 
the severely injured—particularly those over 
40 years with fractures of the hip, pelvis or 
lower extremities—and patients undergoing 
elective cup arthroplasty or pelvic surgery 


Emphasis should be placed on prophylaxis 
for those patients predisposed to thromboem- 
bolism. The oral anticoagulant of choice is 
COUMADIN® (crystalline sodium warfarin 
B S.P) 


The oral anticoagulant 


Therapeutic Use 


For established thromboembolism, adminis- 
tration of LV. heparin followed by oral anti- 
coagulant therapy is a cornerstone of treat- 
ment. COUMADIN® a chemically pure oral 
anticoagulant with high predictability of re- 
sponse, is a mainstay of effective therapy. 


Dosage and Administration 


In patients receiving COUMADIN® prothrom- 
bin time should be maintained at 1.5 to 2.5 
times the control until results stabilize. Dosage 
and administration should be individualized 
according to prothrombin time results and 
reevaluated periodically throughout therapy. 


Patients should be well informed about their 
condition and medication, since factors such 
as dietary change, travel, other medication, 
change in physical condition and abrupt 
environmental change may influence pro- 
thrombin time and, therefore, response to 


COUMADIN® 


~ COUMADIN 


(CRYSTALLINE SODIUM WARFARIN USP 


€ndo Laboratories, Inc. 


Subsidiary of E.l. "n Pont de Nemours & Co. (Inc.) 
11530 


Garden City, N. Y. 


dU 


3efore prescribing, please see prescribing 
nformation on following page. 

ZOUMADIN® is an Endo registered U.S. trademark; 
J.S. Pat. No. 3,077,481 (Reissue No. 25,866) 
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(CRYSTALLINE SODIUM WARFARIN’) 


DESCRIPTION COUMADIN ™ (crystalline sodium warfarin), a prothrombinopenic anticoagulant, is 
chemically crystalline sodium warfarin isopropanol clathrate. The crystallization of sodium warfarin vir- 


-tually eliminates trace impurities present in amorphous sodium warfarin, thus achieving a crystalline 


product of the highest purity. Warfarin* is the coined generic name for 3-(a-Acetonylbenzyl)-4-hydrox- 
ycoumarin. On a dose-for-dose basis, COUMADIN* (crystalline sodium warfarin) is therapeutically 


equivalent to amorphous sodium warfarin. 


ACTIONS COUMADIN * and other coumarin anticoagulants act by depressing synthesis in the liver of 
several factors which are known to be active in the coagulation mechanisms in a variety of diseases 
yy thromboembolic phencmena. The resultant in vivo effect is a sequen*ial depression of 
Factors VII, IX, X and Il. The degree of depression is dependent upon the dosage administered. 
Anticoagulants have no direct effect on an established thrombus, nor do they reverse ischemic tissue 
damage. However, once a thrombosis has occurred, anticoagulant treatment aims to prevent further 
extension of the formed clot and prevents secondary thromboembolic complications which may result 
in serious and possible fatal sequelae. 

After oral administration, absorption is essentially complete, and maximal plasma concentrations are 
reached in 1 to 9 hours, Approximately 97% is bound to albumin within the plasma. COUMADIN" 
usually induces hypoprothrombinemia i? 36:to 72 hours. and its duration of action may persist for 4 to 
5 days, thus producing a smooth, long lasting response curve. Little is known of the metabolic 
pathways involved in the biotransformation of oral anticoagulants in man. However. their metabolites 
appear to be eliminated principally in the urine. 


INDICATIONS Based on a review of this drug by the National Academy of Sciences- National 
Research Council and/or other information, FDA has classified the indications as follows: 


Effective: COUMADIN * is indicated for the Prop pads and treatment of venous thrombosis 
and its extension, the treatment cf atrial fibrillation with embolization, the prophylaxis and 
- treatment of pulmonary embolism. and as an adjunct in the treatment of coronary occlusion. 


"Possibly ' effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
Final classification of the less-than-effective indication requires further investigation 










CONTRAINDICATIONS Anticoagulation ts contraindicated in any localized or general physical condition 
or personal circumstance in which the hazard of hemorrhage might be greater than its potential clinical 


- benefits, such as: 


Pregnancy— COUMADIN * (crystalline sodium warfarin) is contraindicated in pregnancy because the 
drug passes through the placental barrier and may cause fatal hemorrhage to the fetus in utero. Fur- 
thermore, there have been reports of birth malformations in children born to mothers who have been 
treated with wartarin priu pregnancy, Women of childbearihg potential who are candidates for 
anticoagulant therapy should be carefully evaluated and the indications critically reviewed with the 
patient. If the patient becomes pregnant while taking this drug, she should be apprised of the potential 
ime to the fetus, and the possibility of termination of the pregnancy should be discussed in light of 
ose risks. 

Hemorrhagic tendencies or blood dyscrasias. Recent or contemplated per of: (1) central nervous 
2) eye; (3) traumatic surgery resulting in large open surfaces. Bleeding tendencies asso- 

] gastrointestinal, genitourinary or respiratory 

tracts; (2) cerebrovascular hemorrhage: (3) aneurysms-cerebral, dissecting aorta; (4) pericarditis anc 
pericardial effusions; e) subacute bacterial endocarditis. Threatened abortion, eclampsia and pree- 
clampsia. Inadequate laboratory facililies or unsupervised senility, alcoholism, psychosis; or lack of 


. patient cooperation. Spinal puncture and other diagnostic or therapeutic procedures with potential for 


uncontrollable bleeding. Miscellaneous: polyarthritis, vitamin C deficiency, major regional, lumbar 
block anesthesia and malignant hyperte^sion. 


WARNINGS Sodium warfarin is a potent drug with a half-life of 2% days: therefore its effects may 

become more pronounced as daily maintenance doses overlap. It cannot be emphasized too strongly 

that treatment of each patient is a highly individualized matter. Dosage should be controlled by Ape 

determinations of prothrombin time or ather suitable coagulation tests. Determinations of whole blood 

clotting and bleeding times are not effective measures for control of therapy. Heparin prolongs the one- 
stage prothrombin time. Therefore, to obtain a valid prothrombin time when heparin and COUMADIN * 

are given together, a period of 4 to 5 hours should elapse after the last intravenous dose and 12 to 24 

hours after the last subcutaneous dose »f heparin, before blood is drawn. 


Caution should be observed when sod um warfarin is administered in any situation or physical condi- 
tion where added risk of hemorrhage is present. 


Administration of anticoagulants in the following conditions will be based upon clinical judgment in 
which the risks of anticoagulant therapy are weighed against the risk of thrombosis or embolization in 
untreated cases. The following may be associated with these increased risks: 

Lactation—coumarins may pass into the milk of mothers and cause a prothrombinopenic state in the 
nursing infant. Prolonged dietary deficiency (cachexia, vitamin K). Severe to moderate hepatic or 
renal insufficiency. Infectious diseases or disturbances of intestinal flora-sprue, antibiotic therapy. 
Trauma which may result in internal bleeding. Surgery or trauma resulting in large exposed raw sur- 
faces. Indwelling catheters. Severe te moderate hypertension. Miscellaneous: polycythemia vera, 
vasculitis, severe diabetes, menometrorrhagia, allergic and anaphylactic disorders. 


Patients with congestive heart failure may become more sensitive to COUMADIN". thereby requiring 
more frequent laboratory monitoring, and reduced doses of COUMADIN". 

Abrupt cessation of anticoagulant therapy is not generally recommended: taper dose gradually over 
three to four weeks. 


| PRECAUTIONS Periodic determination of prothrombin time or other suitable coagulation test is 


essential. 


Numerous factors, alone or in combination, including travel, changes in diet, environment, physical 
state and medication may influence response of the patient to anticoagulants. It is generally good 
practice to monitor the patient's respense with additional prothrombin time determinations in the 
PN od immediately after discharge from the hospital, and whenever other medications are initia- 
, discontinued or taken haphazardly. The following factors are listed for your reference; however, 
other factors may also affect the proth-ombin response. 
The following factors, alone or in combination, may be responsible for increased prothrombin time 
response: 
ENDOGENOUS FACTORS: Carcinoma; collagen disease; congestive heart failure; diarrhea; elevated 
temperature; hepatic disorders-infectious hepatitis, jaundice; poor nutritional state; vitamin K defi- 
ciency- steatorrhea. 
EXOGENOUS FACTORS: Alcoholt; allapurinol; aminosalicylic acid; anabolic steroids; antibiotics; bro- 
melains; chloral hydratet; chlorpropamide; chymotrypsin; cinchophen; clofibrate; COUMADIN * over- 
dosage; dextran; dextrothyroxine; diazoxide. dietary deficiencies; diureticst; disulfiram; drugs affecting 
blood elements; ethacrynic acid; glucagon; hepatotoxic drugs; indomethacin; inhalation anesthetics; 


-mefenamic acid; methyldopa; methylphenidate; metronidazole; monoamine oxidase inhibitors; nalidixic 


acid; oxolinic acid; oxyphenbutazone. phenylbutazone; phenyramidol; prolonged hot weather; pro- 
longed narcotics; quinidine; quinine; salicylates; sulfinpyrazone; sulfonamides, long acting; thyroid 
drugs; tolbutamide; triclofos sodium; trimethoprim/sulfamethoxazole; unreliable prothrombin time 
determinations. 

tincreased and decreased prothrombin time responses have been reported. 


z a factors, alone or in combination, may be responsible for decreased prothrombin time 
response: 


peria; hypothyroidism. 

"Present as crystalline sodium warfarin sopropanol clathrate. 
Licensed by Wisconsin Alumni Fesearch Foundation. 
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COUMADIN * is an Endo Registered U.S. Trademark. z 


ENDOGENOUS FACTORS: Diabetes me litus, edema; hereditary resistance to coumarin therapy; hyperli- 










M eS m. d MED su ule 
EXOGENOUS FACTORS: Adrenocortical steroids; alcohol; antacids, antihis biturate 
chloral hydratet; chlordiazepoxide; cholestyramine; COUMADIN * underdosage: vitamin 
(vegetables, fish, fish oil, onions); diureticst: ethchlorvynol; glutethimide; Ls Jivii rc 

able prothrombin tin 


meprobamate; oral contraceptives; paraldehyde; primidone; rifampin: 
determinations; vitamin C. 


tIncreased and decreased prothrombin time responses have been reported. - | | 
A patient may be exposed to a combination of the above factors, some of which mayancrease and son 
decrease his sensitivity to COUMADIN". Because the net effect on his prothrombin time response m 
be unpredictable under these circumstances, more frequent laboratory monitoring is. advi 

Drugs not yet shown to interact or not to interact with coumarins are best regarded with suspicion, ar 
Men eel administration is started or stopped, the prothrombin time should be determined more oftt 
than usual. 


Coumarins also affect the action of other drugs. Hypoglycemic agents (chlorpropamide and tolt 
tamide) and anticonvulsants (diphenylhydantoin and phenobarbital) may accumulate in the body as 
result of interference with either their metabolism or excretion. ^ 


ADVERSE REACTIONS Potential side effects of COUMADIN * (crystalline sodium war'arin) include: 


1. Minor or major hemorrhage from any tissue or organ—which is an extension of the physiologic act 
ity of prothrombinopenia. The signs and symptoms will vary according to the location and degree | 
extent of the bleeding. Therefore the possibility of hemorrhage should be considered in evaluating tl 
condition of any anticoagulated patient with complaints which do not indicate an obvious diagnos 
Bleeding during anticoagulant therapy does not always correlate with prothrombin activity. (See TRE/ 
MENT FOR OVERDOSAGE.) 


Bleeding which occurs when the prothrombin time is within the therapeutic range warrants diagnos! 
investigation since it may unmask a previously unsuspected lesion, e.g. tumor, ulcer etc. 


2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatil 
fever, nausea, diarrhea, abdominal cramping, a syndrome called "purple toes," hypersensitivity re 
tions and an extremely rare reaction consisting of hemorrhagic infarction and necrosis of the skin. 


DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the coagulatit 
or clotting mechanism to such an extent that thrombosis will not occur, but at the same time avoidi! 
such extensive impairment as might produce spontaneous bleeding. Effective therapeutic levels wi 
minimal complications can best be achieved in cooperative anc well-instructed patients, who keep tl 
doctor informed of their status between visits. COUMADIN® patient aids are available to physicians t 
request. l 


The administration and dosage of COUMADIN * must be individualized tor each patient according to ti 
particular patient's sensitivity to the drug as indicated by the prothrombin time. The prothrombin tin 
reflects the depression of vitamin K dependent Factors VII. X and Il. These factors, im addition to Fact 
IX, are affected by coumarin’ anticoagulants. There are several modifications of the Quick one-stai 
poer time and the physician should become familiar with the specific method used in h 
laboratory. 


Administration of COUMADIN * should be gauged according to prothrombin time determinations by 
suitable method. The blood prothrombin time should usually be determined daily after the adminis! 
tion of the initial dose until prothrombin time results stabilize in the therapeutic range. Intervé 
between subsequent prothrombin time determinations should be based upon the physician's judgme 
of the patient's reliability and response to warfarin in order to maintain the individual within the the 
peutic range. Acceptable intervals for prothrombin time determinations have usually fallen within tl 
range of one to four weeks. Satisfactory levels for maintenance of therapeutic prothrombinopenia a 
1¥ to 2% times the normal prothrombin time (e.g. 21 to 35 seconds, with a controlof 14 seconds). 


Induction—40 to 60 mg for average adult or 20 to 30 mg for elderly and/or debilitated patients for o. 
dose only administered orally, intravenously or intramuscularly 


Maintenance- Most patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibility 
dosage is provided by breaking scored tablets in half. The individual dose and interval should be gaug) 
by the patient's prothrombin response. 


Duration of therapy- The duration of therapy in each patient should be individualized. In gene 
anticoagulant therapy should be continued until the danger of thrombosis and emboiism has passed. 


Treatment during dentistry and surgery- The management of patients who undergc dental and surgit 
procedures requires close liaison between attending physicians, surgeons and dentists. Interruption 
anticoagulant therapy may precipitate thromboembolism, and conversely, if anticoagulants are mê 
tained at full doses, some patients may hemorrhage excessively. If it is elected to administer anticoa 
lants prior to, during, or immediately following dental or surgical procedures, it is. recommended th 
the dosage of COUMADIN * be adjusted to maintain the prothrombin time at approximately 1⁄2 to 
times the control level. The operative site should be sufficiently limited to permit the effective use 
local procedures for hemostasis including absorbable hemostatic agents, sutures, and pressure dre 
ings if necessary. Under these conditions dental and surgical procedures may be performed witho 
undue risk of hemorrhage. ; 


COUMADIN * with Heparin—Since a delay intervenes between the administration of the initial dose ai 
the therapeutic prolongation of prothrombin time, it may be advisable in situations.of great emergen 
to administer sodium heparin initially along with COUMADIN *. The initial dose of heparin and injectat 
COUMADIN” may be administered together in the same syringe.’ It should be noted that heparin m 
affect the prothrombin time, and therefore, when patients are receiving both heparin and COUMADIN 
the blood sample for prothrombin time determination should be drawn just prior CAM hepa 
dosage, and preferably 4 to 5 hours after the last intravenous injection or 12 to 24 hours after the la 
subcutaneous injection. l . 
TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without Dleeding, is read 
controlled by discontinuing COUMADIN * (crystalline sodium warfarin), and if ipei te on 
parenteral administration of vitamin Ky. The appearance of microscopic hematuria, excessive mens 
bleeding, melena, petechiae or oozing from nicks made while shaving are early manifestations 
hypoprothrombinemia beyond a safe and satisfactory level. —— 

In excessive prothrombinopenia with mild or no bleeding, omission of one or more doses 
COUMADIN * may suffice; and if necessary. small doses of vitamin K: orally, 2.5 tc 10 mg. will usua 
correct the problem. ` uke, “RES 
If minor bleeding persists, or progresses to frank bleeding, vitamin K: in doses of 5 to 25 mg may | 
given parenterally. (Please note recommendations accompanying vitamin K preparations prior to use. 
Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrombinoper 
states unresponsive to vitamin K:. Cor M PAN 
Resumption of COUMADIN * administration reverses the effect of vitamin Ki, and a therapeut 
hypoprothrombinemia level can be obtained. fes A 2 e a 
SUPPLIED Tablets: COUMADIN * (crystalline sodium warfarin). For oral use, single scored, imprint 
numerically with potency as follows: 2 mg lavender, 2⁄2 mg orange, 5 mg peach. 7e mg yellow, ' 
mo white, 25 mg red. In bottles of 100 and 1000. Also available in Hospital Unit-Dose blister package 


; 


Injection: Available as single injection units of amorphous sodium warfarin lyophilized for intraveno! 
or intramuscular use in a box of 6 units for use immediately after reconstitution. ra Unit consis 
of 1 vial, 50 mg; sodium chloride, 10 mg; thimerosal, 0.2 mg. pH is adjusted with sodium hydroxid 
accompanied by a 2 ml ampul Steriie Water for Injection. mum" 
Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitable 
intravascular injection without first having been made approximately isotonic by the addition of a 
able solute. Use only for reconstitution of the lyophilized product. ot he 
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Natural History of Marked Left Axis Deviation 
(Left Anterior Hemiblock) 

















SIMON W. RABKIN, MD, FRCP(C), The purpose of this study was to examine several electrocardiographic - 
FACC variables that may be associated with the development of marked left - 
FRANCIS A. L. MATHEWSON, ND, axis deviation (AQRS —45? to —90°) in men free of ischemic heart dis- ' 
FACC ease and to determine whether left axis deviation is associated with an | 
ROBERT B. TATE, MSc increased probability of developing other conduction disturbances. During — 
Winnipeg, Manitoba, Canada the 28 year observation period in the Manitoba Study cohort of 3,983 men, E 
222 new cases of marked left axis deviation were noted in the absence | 
of heart disease. The majority, 81.5 percent (181 men), had the same Q | 
waves or absence of Q waves in leads | or aVL, or both, before and on - 
detection of left axis deviation, 10.4 percent (23 men) had new Q waves ~ 
or increased width of previous Q waves, and 8.1 percent (18 men) had 1 
Q waves that disappeared or became smaller. Not all cases of left axis — 
deviation resulted from a superior and leftward movement of AQRS; 10.4 
percent (23 men) had an indeterminate AQRS on entry due to an S49;294. 
pattern. Left axis deviation developed in a significantly (P <0.01) larger 
proportion of men with S,S2S; on entry (44 percent, 23 of 52 men) than 
of those without S,S5S; on entry (5.1 percent, 199 of 3,906 men). - 
Of the 247 cases of left axis deviation, 25 were detected on and 222 3 
after entry into the study. Complete right bundle branch block developed  ' 
in 2.4 percent of these men (6 of 247), a larger proportion than those 
without left axis deviation. In the absence of development of intercurrent 
ischemic heart disease, complete left bundle branch block developed in 1 
0.8 percent (two men), and none had complete atrioventricular block. - 
Men with an S4,S5S; pattern on entry or with left axis deviation before age _ 
40 years comprised a subgroup that did not develop other conduction  : 
disturbances. The presence or absence of Q waves in lead I or aVL, or 
both, did not influence the association between left axis deviation and right 
bundle branch block. Therefore (1) the development of left axis deviation 
was not associated with a significant change in Q waves in leads l or aVL, 
or both; (2) an indeterminate AQRS from an S4S2S; pattern is significantly 4 
associated with the subsequent development of left axis deviation; and — 
(3) in the absence of clinically apparent heart disease, the likelihood of — 
the development of complete right bundle branch block is increased — 
slightly in men with marked left axis deviation. 


From the University of Manitoba Follow-up Study, The term left anterior hemiblock (fascicular block) is used to describe - 
xt edit ipa of Medicine (Section of Cardiology) some cases of marked left axis deviation with a frontal plane mean QRS 
RS We yore ero vector (AQRS) of —45? to —90? and small Q waves in leads I and aVL.!-3 - 
the Department of National Health de Welfare, This description is based on the concept! that the left intraventricular . 
Ottawa, Canada. Manuscript received June 20. conduction system is a bifascicular structure and that interruption of — 
1978; revised manuscript received September 20, the anterior fascicle “shifts the main QRS forces superiorly and to the | 
ji CC CON tici dk v M T left and shifts the early QRS forces (first 0.02 second) inferiorly and to ` 
. . l ; , . 29 . . . 
Manitoba Follow-up Study, University of Manitoba the right,” resulting in small Q waves in leads I or aVL, or both. The 


. 770 Bannatyne Avenue, Winnipeg, Manitoba. unanswered questions about left anterior hemiblock raised by this - 
Canada R3E 0W3. concept include (1) whether its development invariably results froma 
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superior and leftward movement of ÁQRS; (2) whether 
| it is associated with a change in initial QRS forces; (3) 
_ whether Q waves in leads I or aVL are an absolute re- 
_ quirement for its diagnosis; and (4) whether it is asso- 
- ciated with an increased likelihood of development of 
| other conduction disturbances. 
_ We examined these questions in the Manitoba Study, 
x a cohort of 3,983 men free of ischemic heart disease, 
5 predominantly aged 25 to 34 years on entry in 1948. The 
- advantages of using a cohort are (1) the electrocardio- 
gram is available before the development of left anterior 
- hemiblock or marked left axis deviation, (2) the inci- 
- dence of subsequent conduction disturbances can be 
- compared with that in men without marked left axis 
e deviation, and (3) the natural history of this defect can 
_ be observed in men free of heart disease to differentiate 
the: natural Y of heart disease from that of marked 

























during World War II, were either pilots or apat in training 
-in the Royal Canadian Air Force or pilots licensed by the 
- Department of Transport and who at the time had a routine 
e Blectrocardiogram in addition to a regular medical examina- 


t inued to fly, but the majority found different occupations in 
all strata of society. For each subject, the examination closest 
- to June 30, 1948 (the date the population was defined) was 
‘selected as the entry examination. The age distribution at 
entry was reported previously®; the majority, 2,737 of 3,983 
. men, were aged 25 to 34 years. The medical history, physical 
examinations and electrocardiograms of all the men provided 
- evidence that they had no clinical manifestations of ischemic 
_ heart disease on entry. The follow-up since then has included 
- an annual contact by mail and examinations and electrocar- 
 diograms at 5 year intervals initially and 3 year intervals later. 
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FIGURE 1. Graph showing the number of persons with and without Q 
. waves in leads | or aVL of the electrocardiogram on the initial detection 
of marked left axis deviation (LAD) (top). Bottom, a comparision of 
these Q waves with those on the last electrocardiogram before left axis 


with left axis deviation. The numbers in parentheses refer to the actual 
number of men. 


deviation for those with (left) and without (right) Q waves on the tracing - 


The observation period was defined as July 1, 1948 to June 30, 
1976, an average follow-up period of 28 years. Annual contact 
was lost with only one person. 

Definition of left axis deviation: The mean frontal plane 
QRS vector was determined from the limb leads using a hex- 
axial reference system.? The vector was calculated to the 
nearest 15? because, as pointed out by others,!? this is a rea- 
sonable limit of precision for the standard electrocardio- 
gram. 

The definition of left axis deviation was (1) a mean frontal 
plane QRS vector of —45? to —90°, (2) a QRS duration of 110 
msec or less, and (3) the absence of Wolff-Parkinson-White 
syndrome, complete left bundle branch block and complete 
right bundle branch block. 

The 247 men who met these criteria also had (1) left axis 
deviation detected during a routine examination, and (2) no 
clinical evidence of ischemic or valvular heart disease on either 
that examination or the previous ones since entry. For ex- 
ample, men with myocardial infarction, angina pectoris or 
coronary insufficiency before the detection of left axis de- 
viation were excluded. The diagnostic criteria used for these 
manifestations of ischemic heart disease were outlined pre- 
viously. The age distribution of the 25 men with marked left 
axis deviation on entry was as follows: 20 to 24 years, 10 men; 
25 to 29 years, 6 men; 30 to 34 years, 6 men; 35 to 39 years, 1 
man; and 45 to 49 years, 2 men. The 222 men in whom left axis 
deviation developed after entry had the following age distri- 
bution: 20 to 24 years, 1 man; 25 to 29 years, 7 men; 30 to 34 
years, 14 men; 35 to 39 years, 22 men; 40 to 44 years, 29 men; 
45 to 49 years, 36 men; 50 to 54 years, 53 men; 55 to 59 years, 
28 men; 60 to 64 years, 17 men; 65 to 69 years, 9 men; and 70 
to 75 years, 6 men. 

Other electrocardiographic definitions: The QRS axis 
could not be determined in some cases because the depth of 


45 years in 1960 1974 
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FIGURE 2. Electrocardiograms with small Q waves in leads aVL and , 


| recorded before (left panel) and after (right panel) the development 
of marked left axis deviation. 
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the S waves in leads I, II and III was equal to the height of the 
R waves; this phenomenon was described and is referred to 
in this study as the 818583 pattern.!!!* To identify the QRS 
deflections and their width, the rules outlined by the American 


Heart Association Committee on Electrocardiography? and - 
elaborated in the Minnesota Code!? were used. Q waves were _ 
coded according to durations of 0.02 second or less, 0. 02 to 0.04 


second and greater than 0.04 second, and related tc to Q/R ratios 


of less than 1/5, 1/5 to 1/8, or greater t than 1/3. T} 9. The largest Q 
wave code in lead I or aVL was used because in the early years 


of this study, augmented unipolar leads were e not generally 
recorded. For the diagnosis of atrioventricular andi intraven- 
tricular conduction disturbances, the criteria outlined by the 
New York Heart Association? were used. í 

Data analysis: Statistical tests of significance for contin- | 
uous variables were performed using Test /s ul Fiet; chi 
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FIGURE 3. RENSE showing the absence of Q waves in 
leads | and aVL both before and after the development of marked left 
axis deviation. 
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FIGURE 4. Changes in Q waves in 222 cases with electrocardiograms 
before the development of left axis deviation. The graph shows the 
number of men (in parentheses) with no change in Q waves; with new 


Q waves or Q waves with increased width or depth (relative to R wave); 


si with Q waves that eos ad or ‘Gecreased in width or depth. 
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square statistics with Yates correction were used to test t 
association of discrete variables. 


Results 


| Comparisons With Electrocardiograms Before the - 1 
Development of Marked Left Axis Deviation 4 


Q waves before and after: Only the 222 men with : 
marked left axis deviation after entry could be UAM 


- compare Q waves before and at appearance of the a: 


deviation. Of these, 79.3 percent (176 men) had Q was 


. inleads I or aVL, or both, and 20.7 percent (46 men ha id 


no Q waves in these leads at the time of left axis devi 7 " j 


tion. A comparison of the Q waves in these two sets 0 of | 
. electrocardiograms is shown in Figure 1. Most of t 

men with Q waves (82.4 percent, 145 of 176) had the 
. same Q wave before left axis deviation (Fig. 2). New Q 

waves appeared i in 11.4 percent of the men (20 of 1 17 


t 
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an increase in Q duration appeared in 1.7 percent (3 oi 


1776) and a decrease in 4.5 percent (8 of 176). Of the me n 
without Q waves at the time of left axis devi 215 7 


percent (10 of 46) had previous Q waves and 78.3 per 
cent (36 of 46) did not (Fig. 3). The Q waves were 0. 0 
second or less and less than 1/5 of R. amplitude in 9 oC e 
percent of the cases. Of all 222 men, the Q waves did n not n 
change significantly with the development of marked 
left axis deviation in 81.5 percent (181 of 222), andt } 
proportion with new or increased Q waves (10.4 percen it, 
23 of 222) did not differ significantly (P >0.10) front e J 
proportion with Q waves that decreased or disappear 


. (8.1 percent, 18 of 222) (Fig. 4). M 


Si $$; pattern: Left axis deviation resulted from ii 
superior and leftward movement of AQRS i in all bu a 
small percent of cases in which left axis deviation was 
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31 years in 1948 
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(left) and marked left axis deviation several years later (right). - 
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NATURAL | HISTORY OF LEFT AXIS DEVIATION —RABKIN ET AL. 
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É AGE AT LAD 
_ FIGURE 6. The percentage of men with marked left axis deviation (LAD) 


| and an S;S2S3 pattern on entry according to age on detection of left 
axis deviation. 


preceded by an indeterminate QRS axis (818585 pat- 
tern) on entry. Electrocardiograms from an illustrative 
- case are shown in Figure 5. The proportion of men with 
‘left axis deviation and an S,S2S3 pattern on entry 
ranged from 16 percent (4 of 24) in the men aged 20 to 
30 years at onset to 3.8 percent (1 of 26) in the men aged 
60 to 70 years at the onset of left axis deviation (Fig. 6). 
Fifty-two men had an SıS2S3 pattern on entry. Marked 
_ left axis deviation developed in a significantly (P <0.01) 
larger proportion of these men (44 percent, 23 of 52) 
than of those without an S;S.S3 pattern on entry (5.6 
_ percent, 222 of 3,931). 


_ Prognosis for Conduction Disturbance 


— Complete right bundle branch block: Of the 247 
men with marked left axis deviation, complete right 
- bundle branch block developed in 8, and ischemic heart 
. disease developed i in 2 of these between the onset of 
| » marked left axis deviation and right bundle branch 
block. Excluding these two men, right bundle branch 
block developed in only 2.4 percent. Some detailed in- 
- formation on this subset is provided in Table I. None 
- of the men in this group had marked left axis deviation 
- before age 40 years, on entry or after the development 
 ofan 818983 pattern. The proportion of this group with 
Q waves in lead I or aVL and the frontal plane mean 
QRS vector (AQRS) did not differ from the proportion 
- in the entire group with marked left axis deviation. 
'The development of complete right bundle branch 
block in the men with left axis deviation was compared 
- with that in men of same age without marked left axis 
deviation. For men aged 40 to 44 years, complete right 
- bundle branch block occurred in 3.4 percent (1 of 29) 
versus 0.87 percent, respectively, of those with and 





TABLE | 


Electrocardiographic Variables in Men With Marked Left 
Axis Deviation (LAD) Who Later Developed Complete Right 
Bundle Branch Block (RBBB) 


Length of 
Age ^ Q waves Follow-up 
at AQRS in Leads P-R Interval to RBBB 
LAD (yr) (9) | and/or aVL (sec) (yr) 
43 —45 Yes 0.16 12 
46 —45 Yes 0.16 8 
53 —45 Yes 0.14 6 
55 —45 No 0.16 4 
57 —45 No 0.16 6 
69 —45 Yes 0.16 3 





without marked left axis deviation. Similarly, for men 
aged 45 to 49 years, the respective proportions were 2.6 
percent (1 of 38) versus 0.67 percent; for ages 50 to 54 
vears, 1.89 percent (1 of 53) versus 0.58 percent; and for 
ages 55 to 59 years, 7.14 percent (2 of 28) versus 0.71 
percent. Although these proportions are small, the 
probability of developing complete right bundle branch 
block was consistently greater in the men with left axis 
deviation than in those without this defect. 

The length of follow-up for the entire left axis de- 
viation group was 12.1 + 0.6 years (mean + standard 
error of the mean). The length of follow-up, according 
to age at onset of left axis deviation, was 23.9 + 0.9 years 
for men aged 20 to 39 years; 14.8 + 0.4 years for men 
aged 40 to 44; 9.8 + 0.7 vears for men aged 45 to 49; 6.0 
+ 0.7 years for men aged 50 to 54; and 4.0 + 0.8 years for 
men aged 55 to 59 years. 

Other conduction disturbances: Of the 247 men 
with marked left axis deviation complete left bundle 
branch block developed in 0.8 percent (two men), first 
degree atrioventricular (A-V) block (P-R greater than 
0.22 second) in 2.0 percent (five men), second degree 
incomplete A-V block in 0.4 percent (one man), and 
complete A-V block in 0.8 percent (two men). In one 
man, incomplete A-V block progressed to complete A-V 
block, and in another man a prolonged P-R interval and 
later complete left bundle branch block developec. In 
both men with complete A-V block, ischemic heart 
disease developed before the occurrence of A-V block. 
None of the 23 men with an S1S983 pattern on entry and 
later development of left axis deviation had other con- 
duction defects. 

The small number of other conduction disturbances 
in the left axis deviation group precluded meaningful 
analysis, but complete left bundle branch block devel- 
oped in such a small proportion that any possible rela- 
tion might not be clinically relevant. 


Discussion 


This study examined two aspects of marked left axis 
deviation that have not received much attention: the 
initial and mean frontal plane QRS vector before and 
after the development of marked left axis deviation in 
the absence of clinical evidence of heart disease, and the 





.— likelihood of developing other conduction disturbances | 


in this clinical setting. The relevance of initial QRS 
forces in marked left axis deviation for the diagnosis of 
left anterior hemiblock is controversial. Some authori- 
ties! explicitly require the presence of Q waves in leads 
I and aVL for the diagnosis and believe that these Q 
waves are fundamental to the concept of left anterior 
hemiblock. Others!^ believe that left anterior fascicular 
block can be diagnosed, after excluding other causes of 
this axis deviation, “on the basis of marked left axis 
deviation regardless of the direction of the initial QRS 
forces." 


Initial QRS Frontal Axis 


In this study, the prevalence of Q waves in lead I or 
aVL, or both, was similar to that observed in men with 
left axis deviation detected in a hospital electrocardio- 
graphic laboratory.!^ More importantly, these Q waves 
were essentially the same before and after the devel- 
opment of marked left axis deviation. This finding 
should not be surprising. Q waves in lead I or aVL, or 
both, are accepted as a part of the normal electrocar- 
diogram.!? Recognizing this, a committee of distin- 
guished electrocardiographers? expressed concern that 
the presence of these Q waves was included in the def- 
inition of left anterior hemiblock because it implied 
“little change from normal in the direction or magnitude 
of initial QRS vector." The observations in this study 
are supported by other evidence. The production of 
marked left axis deviation in patients during coronary 
angiography is not associated with a significant change 
in the mean initial 0.02 second QRS vector, even pa- 
tients with extreme changes i in AQRS.!5 Even if the 
hemiblock concept is accepted, several groups!?-!? 
found that the initial depolarization forces generally are 
not altered when the area defined as the left anterior 
fascicle.is experimentally interrupted and that addi- 
tional interruption of septal ramifications of the left 
bundle branch was required to produce a rightward shift 
of the initial 20 millisecond forces. Interruption of the 
left anterior fascicle produced changes primarily in 
mean and terminal QRS forces. ^?! 

The term marked left axis deviation was used in this 
study instead of left anterior hemiblock or fascicular 
block because the validity of the concept has been 
questioned by several groups of investigators. Anatomic 
pathologic studies demonstrated that the left bundle 
is seldom, if ever, a discrete bifascicular structure2!-23 
and that electrocardiograms consistent with the diag- 
nosis of left anterior hemiblock are not uniformly as- 
sociated with discrete fibrosis limited to the anterior 
fascicle.?*?^ Also, as pointed out by Massing and 
James,?? the general application of the term left anterior 
hemiblock, even after known causes of marked left axis 
deviation are excluded, implies that it causes all left axis 
deviation. 

The S,S2S3 pattern: To our knowledge the S,S5S4 


pattern has not previously been identified as a precursor 
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not present in the men in our cohort on entry. e 
pattern was also detected in a small percentage of ar 
parently healthy children and young adults without 
evidence of heart disease!®!2 and was attributed toa 
congenital anomaly of depolarization. Although thi 
percent of men in the total left axis deviation group wit. h 
the $1 S283 pattern is small, the association between the 
two is highly significant statistically, and marked le 
axis deviation developed in 44 percent of those with th 
pattern. This association implies that both abadi | 
malities may have similar causes and demonstrates th at 
marked left axis deviation does not always result fror om 
a leftward movement of AQRS. : 


Prognosis 


Several cautions are in order: The Manitoba Study 
is a highly selected cohort, although it has been ques : 
tioned whether any cohort is representative of th £ 
general population. 26 One advantage of the Manitoba 
Study is the young initial age of the cohort, which per- 
mitted the observation of the development of left a: 
deviation and the comparison of electrocardiograph ohic 
variables before and after the anomaly occurred. Sec 
ond, the detection of Q waves in leads I and aVL d de- 
pends on technical variations in the recording, as we. 
discussed previously. ^ Third, the prognosis of left axis 
deviation in men free of ischemic heart disease may | 
differ from that in men with acute disease such as — 
myocardial infarction. Also, other variables not yet 
defined may help differentiate left axis deviation due - 
to a conduction disturbance in the anterior part of the 
left conduction system from left axis deviation due to 
other causes. An attempt was made to electrocardi- 
ographically classify different types of left anterior 
hemiblock.! Some of our cases would be labeled type da 
However, this type was considered to have “the samy 
significance as left anterior hemiblock in jene 1 
Finally, the prognosis for conduction disorders must be 
viewed within the length of follow-up for each age 
subgroup after the detection of marked left axis devia: x 
tion. 7 

Other conduction disturbances: Many investii at 
tors have examined the clinical and pathologic corri re- 
lates of left axis deviation.?*?7-?? However, compar 
tively little data is available on the long-term follow-up p 
of persons with left axis deviation in the absence of hea 
disease, 34-39 and few of the studies comment on t 
development of conduction disturbances. Schneider e 
al.” analyzed the Framingham data and found that le 
anterior hemiblock was an uncommon precursor of lef 
bundle branch block; only 6 percent of the subjects had 
prior left axis deviation. In our study few cases of left 
axis deviation progressed to left bundle branch bloc k. 
In the absence of the intercurrent developed of 
ischemic heart disease, complete A-V block did r 
develop in any subject with left axis deviation. — E | 

The likelihood of developing complete right bundle 
branch block was increased in the men with marked 
left axis deviation. The risk of this conduction distur- 
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all ages during the 12 year follow-up period, might be 
considered too low to be clinially significant. Although 
the number of such cases of left axis deviation pro- 
gressing to complete right bundle branch block is small, 
the proportion is larger than for the rest of the cohort 
without marked left axis deviation. The process re- 
'sponsible for the association of marked left axis devia- 
tion and complete right bundle branch block i in the men 
without clinically apparent heart disease in this cohort 
is not known. Possible explanations include extension 
of myocardial fibrosis associated with left axis devia- 
tion?52529 to involve the right bundle branch, which 
may be more vulnerable to interruption than the pos- 
'terior part of the left bundle branch system.! 


The identification of different risks of develaping | 


complete right bundle branch block in the men with left 


‘axis deviation was difficult. The men with left axis - 


deviation that occurred after age 40 years and those 
without previous evidence of the S1S2S3 pattern were 


more likely to develop this conduction defect, but the | 


presence or absence of Q waves in leads I or aVL was not 
helpful. 

In summary, the development of marked left axis 
deviation is not associated with a significant change in 
the Q waves in leads I or aVL, or both. In a significant 
proportion of the men with an indeterminate AQRS on 
entry, left axis deviation developed; this group had no 
subsequent conduction abnormalities. In men with 
marked left axis deviation, the likelihood that complete 
right bundle branch block will develop is slightly but 
significantly greater than in those without left axis de- 


viation. 
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Methods for testing long-term efficacy of antiarrhythmic agents are not 
established. Therefore, an algorithm was developed to assess the re- 
sponse of ventricular premature complexes and ventricular tachycardia 
to long-term therapy. In 21 patients tocainide, an oral lidocaine analog, 
was successful in acutely suppressing ventricular premature complexes 
and ventricular tachycardia. Suppression was assessed with use of both 
the arrhythmic classification of Lown and Wolf and counts of premature 
ventricular complexes from 24 hour ambulatory electrocardiographic 
recordings. After 3 to 10 months of tocainide therapy, 24 hour control 
recordings were obtained in 18 patients, and administration of tocainide 
was stopped. With use of recordings obtained 5 and 7 days later to assess 
variability in the count of ventricular premature complexes, the upper 95 
percent confidence limit for variation in number of complexes after arcsin 
transformation to correct for noncentral distribution was 80 percent. When 
tocainide was withdrawn, arrhythmias did not reappear in 6 patients but 
their reappearance in 12 patients indicated a continued requirement for 
tocainide. Although the decrease in ventricular premature complexes was 
less than 80 percent in four patients, ventricular tachycardia was effec- 
tively suppressed. Four patients had adverse reactions requiring drug 
withdrawal: a rash (one patient), cervical muscle spasms (one patient) 
and central nervous system symptoms (two patients). Minor central 
nervous symptoms persist in six patients. Tocainide did not induce lym- 
phocytotoxicity. 

It is concluded that testing of long-term antiarrhythmic drugs should 
include a withdrawal trial to ensure both continued drug requirement and 
continued drug efficacy. Because of marked variability in ventricular 
premature complex counts, adequate suppression is best assessed by 
combining an analysis that considers arrhythmia classification and the 
nonparametric distribution of data. 


Although additional drugs are needed for the long-term management 
of ventricular arrhythmias, methods of testing their long-term efficacy 
are not clearly established. A withdrawal trial is a well established 
method of assessing the effectiveness of any drug, but antiarrhythmic 
agents are not routinely tested in this manner. Moreover, mathematical 
methods of analyzing arrhythmia response are not well defined. No 
currently available agent has undergone a rigorous examination of its 
continued effectiveness during long-term administration, and there are 
no published algorithms on which to base such an assessment. 
Tocainide hydrochloride is a new oral antiarrhythmic analog of lido- 
caine that has proved effective in the short-term management of ven- 
tricular ectopic beats and ventricular tachycardia.!-* Its long half-life 
(13.5 to 16 hours) makes it potentially useful for long-term suppression 
of ventricular arrhythmias at a convenient dosing interval of 8 hours.?-? 
In a previous paper? we described the results of short-term adminis- 
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tration of tocainide to 30 patients with refractory ven- 


tricular arrhythmias. In this study we sought to estab- 
lish a method for testing the long-term efficacy of an 
antiarrhythmic agent. We applied this model to as- 
sessment of the long-term use of tocainide for man- 
agement of refractory ventricular arrhythmias in 21 
patients and to evaluation of the long-term toxicity of 
this agent. 


Patient Selection 


Thirty patients with frequent ventricular premature com- 
plexes or ventricular tachycardia were given oral tocainide, 
and suppression of the arrhythmias was considered adequate 
in 18 on the basis of the following criteria: greater than 70 
percent suppression of average hourly ventricular premature 
complex counts over 24 hours or conversion of grade 4B (Lown 
and Wolf classification”) arrhythmias to a lower grade, or both. 
All patients had been treated unsuccessfully with propranolol, 
quinidine or procainamide, given separately or in combina- 
tion, or were intolerant of side effects produced by these drugs. 
The dose and blood level of the agents being given at the time 
of the initial trial of tocainide have been reported. Previous 
treatment failure had been documented with a 24 hour am- 
bulatory electrocardiograph (28 patients) or continuous 
monitoring in the coronary care unit (2 patients) after ex- 
tensive trials with conventional modes of therapy.? The 18 
patients whose ventricular arrhythmias were suppressed with 
short-term administration of tocainide were entered into the 
long-term study. An additional three patients with symp- 
tomatic ventricular arrhythmias who did not meet the rigid 
criteria cited were included. One of these had symptomatic 
ventricular tachycardia and reported a marked reduction of 
symptoms during tocainide therapy; the other two had trou- 
blesome symptoms of palpitations that diminished markedly 
after administration of tocainide. 


Methods 


Protocol: Patients were seen every month for regular visits 
or more frequently as necessary. At alternate monthly visits 
we obtained a careful history of symptoms of arrhythmias or 
drug side effects and performed a physical examination, 
electrocardiogram and urinalysis. To assess continued drug 
efficacy, a 24 hour ambulatory electrocardiograpm was also 
obtained. Blood concentrations of tocainide were measured 
just before dosing during the 24 hour recording. Additional 
blood studies included the following: hematocrit, hemoglobin, 
white blood cell count, platelet count, reticulocyte count, urea 
nitrogen, creatinine, bilirubin, glutamic oxaloacetic trans- 
aminase, glutamic pyruvic transaminase, albumin, globulin, 
alkaline phosphatase, prothrombin time, electrolytes, anti- 
nuclear antibody and Coombs test. 

Because of the potential for the development of a clinical 
syndrome similar to that produced by procainamide, serum 
for lymphocytotoxicity studies obtained from subjects at the 
time of entry into the study and during experimental drug 
therapy was frozen and stored until use at —20? C without 
preservatives. Lymphocytotoxicity was detected using the two 

stage microdroplet dye-exclusion assay described previously.? 

Each serum was tested against the peripheral blood lym- 
. phocytes from at least four normal donors. The extent of 
lymphocytotoxicity was calculated as the mean percent of 
each donor's lymphocytes killed. The upper limit of normal 
for this assay is 20 percent lymphocytotoxicity, determined 
as the mean plus 2 standard deviations obtained with sera 
from 30 healthy men ranging in age from 35 to 60 years. 

The 24 hour electrocardiograms were recorded on magnetic 

tape using Holter-Avionics Electrocardiorecorder model 400 
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or 445 (Del Mar Avionics) or a Dyna Gram Recorder nod 
5000 (Cardiodynamics, Inc.). The tapes were scanned visually | 
for arrhythmias using either an Avionics Composite Electro- 
cardioscanner model 660A or the Dyna Gram Scanner model 
6001, and hourly ventricular premature complex counts were 
performed visually by a trained technician. Whenever an ar- - 
rhythmia was detected, the complex was printed out and an- 
alyzed and hourly counts of ventricular premature complexes. 
were made by hand. In addition, arrhythmias were classified. E 
according to the grading system of Lown and Wolf.? In thi 
system, grade 0 = no arrhythmias, grade 1 = fewer than 3 0 
ventricular premature complexes/hour, grade 2 = 30 or greate 
ventricular premature complexes/hour, grade 3 = multiform t 
ventricular premature complexes, grade 4A = ventricular j 
premature complexes in couplets and grade 4B = ventricular 
tachycardia of 3 or more consecutive ventricular premature 
complexes. Grade 5 arrhythmias (R wave of ventricular pre- 
mature complex on T wave of previous complex) were not - 
classified separately.! ` 
Three to 10 months (mean 6 months) after entry into the z 
study, 18 patients were readmitted to the hospital for to- 
cainide withdrawal to retest drug efficacy and the need for — 
continued antiarrhythmic therapy. On the day of admission — 
tocainide blood levels were obtained before dosing and 30 — 
minutes, 1, 2, 3, 4 and 8 hours after dosing. A 24 hour elec- 
trocardiogram was recorded. On the 2nd hospital day to- - 
cainide was discontinued but all other medications were - 
continued. In 13 patients another 24 hour electrocardiogram ; 
was recorded on days 5 and 7; in the remaining 5 patients only - 
a single recording was obtained after the withdrawal of to- 
cainide. On day 8 administration of tocainide was restarted | 
and the patient discharged. 1 
Data analysis: Effective suppression of ventricular pre- 
mature complexes was arbitrarily defined at entry into the . 
study as a 70 percent decrease from the count in the initial - 
control recording. On the basis of the alogorithm derived from — 
the data obtained in this study (see Results), effective sup- 
pression of ventricular premature complexes at the time of i 
drug withdrawal was defined as a count of at least 80 perce t 
fewer ventricular premature complexes on the day of ad mis- 
sion to the withdrawal trial than on day 7. Effective s 
pression of ventricular tachycardia (class 4B) during the drug 
withdrawal trial was defined as an arrhythmia class less than 
4B in the recording obtained on the day of admission and re- 
currence of ventricular tachycardia (class 4B) on day 5 or day ii ] 
7. 'The daily variation in frequency of ventricular premature | 1 
complexes and in arrhythmia class was tested by comparing 
individual patient data from 24 hour recordings obtained on b 
days 5 and 7 (Table I). The mean variation in ventricular - 
premature complex frequency with its 95 percent confidence 
limit was calculated after arcsin transformation of the absolute — 
change in count of premature ventricular complexes divided | 
by the larger count between day 5 and 7.!! We used the ven- - 
tricular premature complex reduction data or the Lown and 
Wolf classification, or both, to judge the effectiveness ota 
antiarrhythmic activity. 






















Results | 
Methods of Testing Drug Efficacy 


Ventricular premature complex suppression: The 1 
upper 95 percent confidence limit for variation in count. 
of ventricular premature complexes based on the arcsin 
transformation!! of percent suppression was 78 perce : 
(mean 56 percent). Therefore, for convenience, we des 
fined effective drug suppression (P «0.05) as an £ 
percent or greater decrease in ventricular prematt re 
comple reque n in a 24 hour electrocardiogram from Y 
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15 WITH VT SUPPRESSED 
BY TOCAINIDE 


VT DID 
NOT RECUR 
IN 6/15 


Mese IN 2/6 TOCAINIDE 3/6 TOCAINIDE 
WAS CONTINUED 
ON Tocainioe| | WAS DISCONTINUED 


RECURRENCE OF 
VT IN 9/15 
UPON WITHORAWAL 


FIGURE 1. Flow diagram showing the response 
to withdrawal of tocainide. Subsequent to the 
withdrawal trial tocainide was discontinued in four 
additional patients (for details see text). VT = 
ventricular tachycardia. 


TOCAINIDE 
CONTINUED IN 
9 PATIENTS 


the frequency in the recording obtained during drug 
withdrawal. This criterion for reduction in ventricular 
premature complexes was consistent with the Lown and 
Wolf classification (reduction in arrhythmia grade) in 
17 of the 21 patients (81 percent) entered into the study. 
In the other four patients, ventricular tachycardia was 
abolished despite a less than 80 percent reduction in 
ventricular premature complexes. Individual data on 
ventricular premature complexes are shown in Table 
I. 
Drug withdrawal studies: Eighteen of the 21 pa- 
tients were included in the withdrawal study to test 
continued drug efficacy (Table I, Fig. 1). In the 3 re- 
maining patients tocainide was discontinued before the 
withdrawal study because of adverse reactions; all 3 
were part of the original group of 18 patients who had 
had short-term suppression of ventricular arrhythmias 
with tocainide. Fifteen of the 18 patients in the with- 
drawal study had grade 4 arrhythmias before tocainide 
therapy was instituted; with tocainide, 13 patients had 
arrhythmia suppression to grade 1 or 2, and 2 patients 
had suppression to grade 4A from grade 4B. During 
tocainide withdrawal, 9 of these 15 patients had recur- 
rence of grade 4 arrhythmias. One of these nine patients, 
in whom tocainide was initially effective, had recurrent 
grade 4B arrhythmias 18 months later during both drug 
therapy and drug withdrawal. In the other six patients 
arrhythmias did not differ during treatment with to- 
cainide and after its withdrawal. These patients had 
arrhythmias of grade 0 (one patient), grade 1 (three 
patients), grade 2 (one patient) or grade 3 (one patient). 
In two of these six subjects (patients with grade 0 and 
grade 1 arrhythmias) tocainide was discontinued. The 
patient with grade 2 arrhythmia during withdrawal of 
tocainide was discharged taking this drug and died 
suddenly 2 days later. 
Three of the 18 patients initially had symptomatic 
grade 2 or 3 arrhythmias as the indication for therapy. 
In all three patients arrhythmias were suppressed to 
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21 PATIENTS TAKING TOCAINIDE 
FOR CHRONIC SUPPRESSION OF 
VENTRICULAR ARRHYTHMIAS 
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18 WITHDRAWAL STUDIES 
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ARRHYTHMIAS RECURRED i 
DURING WITHDRAWAL f 
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TOCAINIDE CONTINUED | — 
IN ALL 3 PATIENTS 1 

3; 


grade 1 by tocainide and in all three the arihyi om F 
recurred during drug withdrawal. Thus, at the time of 
drug withdrawal continued drug efficacy or the need for | 
long-term therapy, or both, was demonstrated in 12 c £3 
18 patients in whom ventricular arrhythmias reap- | 
peared. In six patients the arrhythmia for which treat- 
ment was begun was no longer detected after drug 
withdrawal (Fig. 1). Thus, of the original 30 patients 
entered into the short-term study of tocainide, only 12 
(40 percent) are still receiving tocainide. 
Reasons for discontinuing drug therapy: | 
mean duration of therapy in all patients was 10.5 - 
months (range 1 to 20). Nine of the 21 patients discon- 
tinued tocainide; 3 had serious adverse reactions (see 
later). Three patients who initially responded to to- 
cainide had recurrent ventricular tachycardia wh le 
taking the drug; in one of these the arrhythmias re 
curred after an acute myocardial infarction. Tocainide 
was discontinued in two of the six patients who did not | 
demonstrate ventricular tachycardia on drug with- - 
drawal. One patient had taken tocainide for 5 months — 
at the time of withdrawal; there was no clinically ap- | 
parent reason for the spontaneous disappearance of . 
ventricular arrhythmia. A second patient was an alcohol — 
abuser with normal coronary arteries and a normal left. 
ventriculogram at cardiac catherization who had grade > 
4A arrhythmias unresponsive to other medication. 
Administration of tocainide resulted in 97 percent 
suppression of ventricular premature complexes anda 
reduction to grade 2 arrhythmia. During drug with. 
drawal 9 months later only grade 1 arrhythmia was 
present, and tocainide was discontinued. The patient. 
had stopped ingesting alcohol in the interim, and this. 
may have been related to the cessation of ventricular | 
premature complexes. Three patients continued taking | 
prophylactic tocainide because of previous well docu- 
mented episodes of symptomatic ventricular tachy- 
cardia. One patient died suddenly at home. He was a 78 | 
year old man with a previous myocardial infarction who — 
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had greater than 90 percent suppression of ventricular 
premature complexes and had been receiving tocainide 
for 4 months. Necropsy showed three vessel coronary 
a artery disease and no evidence of recent infarction. 
Illustrative case: The dramatic efficacy of tocainide 
ir the suppression of ventricular tachycardia is illus- 
rated by the response of a 74 year old man with chronic 
i Se hemic heart disease and congestive heart failure. 
During hospitalization for palpitations and syncope he 
he ad recurrent ventricular tachycardia requiring direct 
€ irrent electrical cardioversion on several occasions. His 
e electrocardiogram showed evidence of previous anter- 
oseptal myocardial infarction without S-T segment el- 
vation. Medications included digoxin, furosemide and 
diphenylhydantoin. Ventricular tachycardia recurred 
ar d required electrical conversion at times when serum 
levels of quinidine and procainamide were in the ther- 
apeutic range. A control 24 hour electrocardiogram 
demonstrated numerous runs of ventricular tachycar- 
dia; bimonthly recordings during tocainide therapy 
demonstrated 95 percent reduction in ventricular pre- 
E complexes and no episodes of ventricular 
tachycardia. Seven months after the start of tocainide 
therapy the drug was withdrawn and the 24 hour elec- 
trocardiogram again demonstrated ventricular tachy- 
cardia. The patient continues to do well and has only 
grade 1 arrhythmias 19 months later. 
















Adverse Reactions 


— Two patients discontinued tocainide because of side 
effects within the Ist month of therapy. One patient had 
an allergy manifested by an erythematous maculo- 
papular rash and eosinophilia. Because of recurrent 
symptomatic ventricular tachycardia unresponsive to 
other medications tocainide was administered again 1 
month later, but marked eosinophilia recurred and the 
£ rug was again discontinued. Tocainide was discon- 
t nued in a second patient because of chronic cervical 
cle spasms exacerbated by the drug. In another 
patient grade 4B arrhythmias were converted to grade 
2. During the tocainide withdrawal trial 5 months after 
the initiation of therapy, grade 4B arrhythmias re- 
curred, but the patient discontinued the drug after 6 
months of treatment because of memory impairment. 
One patient in whom grade 4B arrhythmias initially 
were reduced to 4A continued to demonstrate grade 4B 
arrhythmia while taking tocainide; the drug was dis- 
continued because ventricular premature complexes 
were reduced by only 60 percent, and lightheadedness 
and unsteady gait were persistent. One patient had a 
myocardial infarction while taking tocainide. Before the 
infarction grade 4B arrhythmia was reduced to grade 
I after the infarction grade 4B arrhythmia could not be 
suppressed with tocainide. 

Side effects: Eleven patients have continued to re- 
ceive tocainide for a mean duration of 13.4 months. Six 
of the 11 have persistent minor side effects, including 
memory impairment (2 patients), decreased mental 
alertness (2 patients), difficulty concentrating (1 pa- 
tient), paresthesias (1 patient) and tinnitus (1 patient). 
Although nausea and vomiting were frequent side ef- 
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fects on the initial administration of tocainide,® neither 
recurred during long-term administration. 


Results of Laboratory Studies 


No significant changes in indexes of hepatic, renal or 
hematologic function occurred during long-term to- 
cainide administration. There were no significant 
changes in P-R interval or QRS duration. Peak serum 
tocainide levels were in the therapeutic range for all 
patients in samples obtained an average of 7.4 months 
(range 2 to 14) after the start of therapy. The mean peak 
level was 10.3 ug/ml with a range of 6.6 to 13.9 ug/ml 0.5 
to 4 hours (mean 1.3) after dosing. 

Lymphocytotoxicity testing: Before initiation of 
experimental drug therapy, serum samples from 13 
patients were available for lymphocytotoxicity testing. 
Six samples were lymphocytotoxic, cytotoxicity ranging 
between 30 to 50 percent at a 1:2 serum dilution. Serum 
samples from five of these six patients were available 
for testing during the course of drug therapy. Lym- 
phocytotoxicity disappeared from the serum of three 
patients within 1 to 2 months after entry into the study. 
Two of these patients had been taking procainamide 
until 1 to 2 months earlier. Another patient had not 
taken procainamide in the past 4 years but had been 
receiving propranolol until shortly before entering the 
study. Lymphocytotoxicity reappeared in the serum of 
one patient who had been taking procainamide during 
his first 4 months of therapy with tocainide; in this pa- 
tient low level activity persisted. The lymphocytotoxic 
activity in the serum of two other patients did not 
change significantly during the course of drug therapy. 
Both were receiving maintenance therapy with quini- 
dine as well as tocainide; one patient was taking pro- 
pranolol in addition. Serum samples obtained during 
the course of experimental drug treatment were avail- 
able from three of the seven patients who did not have 
circulating lymphocytotoxins on entry into the study. 
None of the three manifested lymphocytotoxic activity 
during the subsequent 4 to 11 months. 


Discussion 


Methods of testing drug efficacy: We chose tc ex- 
press the change in the number of ventricular premature 
complexes after drug administration as percent sup- 
pression, that is, the decrease in count of ventricular 
premature complexes after drug administration divided 
by the count before drug administration multiplied by 
100 percent. This method has the advantage of limiting 
the scale of possible results for responders, but the 
disadvantage of displaying the results in a noncentrally 
distributed manner. As a consequence, the usual sta- 
tistical methods (which assume a noncentrality factor 
of near zero) are not applicable. Stated another way, the 
results among responders are all crowded near the upper 
end of the scale from 90 to 100 percent. The ¢ statistic 
or similar techniques applied to noncentral distribu- 
tions may therefore yield misleading results. 

To estimate confidence limits for suppression of 
ventricular premature complexes we applied an arcsin 
transformation to the percent variation in frequency of 
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ventricular premature complexes to approximate a more 
central distribution" and then calculated the 95 percent 
confidence limit for this variation. Thus, using the daily 
variation of ventricular premature complex counts ob- 
tained on days 5 and 7 of the withdrawal trial, we found 
the upper 95 percent confidence limit (P <0.05) for 
ventricular premature complex variation to be 78 per- 
cent. For convenience, we defined continued effective 
ventricular premature complex suppression during the 
withdrawal trial as 80 percent fewer ventricular pre- 
mature complexes on day 1 (during drug therapy) than 
on day 7 (during drug withdrawal). Recently, Morgan- 
roth et al.!? used a similar method by applying a natural 
logarithm transformation to percent suppression of 
ventricular premature complexes to estimate the 95 
percent confidence limit for reproducible ventricular 
premature complex suppression. They reported that the 
upper 95 percent confidence limit was an 83 percent 
decrease in ventricular premature complexes for a de- 
sign involving one 24 hour electrocardiographic re- 
cording during drug therapy and one 24 hour recording 
without drug therapy. 

Thus, to test the efficacy of an antiarrhythmic agent 
using the design of two 24 hour electrocardiographic 
recordings, one during drug treatment and one without 
drug treatment, at least 80 percent suppression of 
ventricular premature complexes is necessary to assure 
with 95 percent certainty that the effect is due to the 
drug. In previous studies an arbitrary reduction in fre- 
quency of ventricular premature complexes has com- 
monly been assumed to confirm drug efficacy, and 
nonparametric statistical tests have generally not been 
used. Indeed, in only one short-term trial of quinidine 
were nonparametric methods applied to absolute counts 
of ventricular premature complexes to test drug effi- 
cacy.!? Brief periods of monitoring during acute oral 
drug ingestion will require greater percent suppression 
to assure drug efficacy, and this may explain the dis- 
cordant results between short- and long-term testing 
in some patients.!4 Thus, temporal variability in ar- 
rhythmias must be considered when using short-term 
monitoring!? to test antiarrhythmic drug effective- 
ness. 

In assessing long-term efficacy we found that a drug 
withdrawal trial is useful to assure that the underlying 
arrhythmia is still present and is suppressed. Talbot et 
al.!6 noted recurrence of arrhythmias after drug with- 
drawal in some patients during a clinical trial of mexi- 
letine but did not systematically monitor all patients 
after withdrawal. Thus, we found that arrhythmias were 
no longer present in 6 of 18 patients when the drug was 
withdrawn. In two of these patients, tocainide was dis- 
continued, but in three others a decision was made to 
continue drug therapy because all three patients had 
previous episodes of symptomatic ventricular tachy- 
cardia. Therefore, in making clinical decisions based on 
a drug withdrawal trial, the possibility of the infrequent 
recurrence of potentially fatal arrhythmias must be 
considered. 

We also used the classification system of Lown and 
Wolf? to determine drug effectiveness. All patients with 
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ture complexes had a réddallón | in the Lown and Wolf. E. 
classification. In addition, this classification identified - 
effective suppression of ventricular tachycardia in four | 
patients who had less than 80 percent reduction in fre- 
quency of ventricular premature complexes (Table I). 
Because the system of Lown and Wolf may have certain | 
limitations, we have used the combination of ven- 
tricular premature complex counts and arrhythmia 
classifications in reporting the efficacy of tocainide. 
Adverse reactions: Previous studies in which to- - 
cainide was given for the short-!-? or long-term* sup- | 
pression of ventricular arrhythmias have shown few cides 
effects. Among these were transient gastrointestinal and 
central nervous system disturbances.?^ By contrast, i 
a short-term study of tocainide,? we observed an 8 3 1 
percent incidence rate of adverse reactions in 30 pa- - 
tients. In a long-term study of 17 patients treated with 
tocainide for up to 27 months, Winkle et al.* reported - 
adverse reactions that were minor and transient. In our - 
study, adverse reactions constituted a more serious k 
problem. Thus, four patients had to discontinue therapy 
within 1 to 6 months because of side effects: a rash in 
one and neurologic symptoms in three. The dose in. 
these four patients ranged from 400 to 800 mg every 8 - 
hours. Six other patients had persistent neurologic side - , 
effects. In four patients these were minor and well tol- - 
erated, but in two patients, who require tocainide for : 
effective suppression of ventricular tachycardia, - 
symptoms are more prominent, although not incapac- - k 
itating: blurred vision and inability to concentrate in one - 
and ataxia and apraxia in another. 
Lymphocytotoxicity: In more than 50 percent of- 
patients taking procainamide antinuclear antibodies | 
develop, and a clinical syndrome characterized by joint - 
involvement, myalgias, pleuropericarditis and fever 
develops in approximately half of these.!* However, th d 
observation that antinuclear factors persist for months 
and even years after the cessation of procainamide, al- a 
though symptoms generally disappear within weeks,!9 
has raised doubts about their pathogenetic significance. 3 
An alte: native mechanism implicates drug-induced 
alterations in lymphocyte function and was suggested - 
by the demonstration that procainamide influences in. 
vitro lymphocyte activation and that patients with 
procainamide-induced lupus have circulating antibodies 
reactive with lymphocyte membrane antigens.^? 20 
Therefore, we examined sera obtained during treatmen t 
with tocainide for the development of ARD Z 
icity. F 
Lymphocytotoxins were present in the serum of 6 of - 
13 patients (46 percent) tested, of whom 2 were taking - 
procainamide and 2 propranolol. None of our subjects - 
had circulating lymphocytotoxicity averaging greater - 
than 50 percent killing at the 1:2 serum dilution. Lym- ` 
phocytotoxicity was undetectable within 1 to 3 months : 
after discontinuation of procainamide and propranolol. : 
This finding is similar to the previously reported decline : 
of lymphocytotoxic activity after discontinuing pro- | 
cainamide in patients with the drug-induced lupus 
syndrome.?? Antilymphocyte activity persisted in the 
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serum of two patients whose prior antiarrhythmic 
therapy was continued: Both patients were receiving 
nidine and one propranolol as well, but the relation 
D of these drugs to the development of lymphocytotoxicity 
nas net been assessed in larger numbers of patients. 
. Naturally occurring lymphocytotoxic activity has 
een found in some normal human sera, but its inci- 
ence is relatively small in the first 6 decades of life. 
However, after the age of 60 more than 50 percent of 
persons tested have circulating lymphocytotoxins.?! 
Thus, the persistent stable lymphocytotoxicity seen in 
s le serum of two patients not taking other antiar- 
th iythmic drugs may represent a naturally occurring 
phenomenon. 
R B During the course of therapy with tocaiide; in- 
creased activity of lymphocytotoxins occurred only in 
one patient, who had lymphocytotoxic activity on entry 
to th study that returned to normal after procainamide 
was discontinued. The activity remained normal for 3 
1onths but reappeared in the serum after 4 months of 
Besinide therapy. Low level activity has persisted to 
e (an additional 5 months). Although this could be 
z-induced phenomenon, lymphocytotoxic activity 
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did not increase during tocainide treatment, and no 
other manifestations of autoimmune disease developed 
in this patient. 

Implications: We have developed an approach to the 
clinical testing of long-term antiarrhythmic drugs that 
includes a combination of serial ambulatory electro- 
cardiographic monitoring and a trial of drug withdrawal. 
Using these methods we have demonstrated that to- 
cainide is an effective agent in the long-term treatment 
of serious ventricular arrhythmias refractory to other 
agents. Neurologic symptoms were frequent (57 per- 
cent) and severe enough to require drug cessation in 
three patients. On the basis of these data, tocainide 
should prove to be a useful additional antiarrhythmic 
drug in selected patients. 
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Electrophysiologic measurements were made in 16 patients before and 


after the intravenous administration of procainamide. The drug was ad- — 
ministered at two different dose levels. The lower plasma procainamide © 
level (6 to 7 ug/ml) caused small decreases in cycle length (848 + 13 
versus 799 + 42 msec), sinus nodal recovery time (1,166 + 81 versus 
1,024 + 90 msec at a paced rate of 120 beats/min) and sinoatrial con- — 
duction time (105 + 11 to 90 + 9 msec). Sinus or atrial echo zones, . 
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whether or not they caused supraventricular tachyarrhythmia, were — 


abolished by procainamide in 11 of 13 instances. The higher plasma level 
of procainamide (10 to 11 ug/ml) generally caused greater changes in 
electrophysiologic measurements. Atrial refractory periods tended to 
increase but changed significantly only at higher plasma levels. The latter 
effect was blunted in patients with a prolonged sinoatrial conduction time. 
The A-H interval and atrioventricular nodal functional refractory period 
tended to decrease at higher plasma levels, but not significantly. The H-V 
interval increased slightly from 48 + 2 to 52 + 2 msec; this effect was 
blunted in patients with bundle branch block. 

It is concluded that procainamide could be useful in managing supra- 
ventricular tachyarrhythmia because it abolishes atrial and sinus echo 
zones that trigger supraventricular tachyarrhythmia and because its 
widespread effects make it capable of blocking reentry at several sites. 
The electrophysiologic effects or procainamide are less predictable in 
patients with conduction disease, and some effects occur only at high 


plasma levels. 


Procainamide is a commonly used antiarrhythmic drug.'? Its electro- 
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physiologic and pharmacologic effects in single cell and animal experi- 


ments were recently reviewed.? In intact humans, the effects of pro- — 
-= cainamide on intracardiac conduction intervals were measured in pa- — 


tients with bifascicular and trifascicular conduction disease*; in addition, | 


. atrial effective and atrioventricular (A-V) nodal effective and functional 


refractory periods were determined after a single intravenous dose of 
procainamide.? Effects on other measures of sinus nodal and atrial 


function, such as sinus nodal recovery times, sinoatrial conduction times _ 


and zones of atrial response, were not previously reported. Furthermore, 


it is not known whether the drug's effects in intact humans are similar 
in the presence of conduction abnormalities, although it is known that 
the effects are different in isolated human atria that are diseased.? 
Therefore, we studied procainamide to determine (1) its electrophysi- 
ologic effects on the sinus node and atrium; (2) the correlation between 
the plasma procainamide level and electrophysiologic effects; and (3) 
whether these effects are altered in the presence of conduction abnor- 
malities detected with surface electrocardiography or other clinical 
electrophysiologic measurements, or both. 





Clinical Profile of Study Population 


1 
"1 
2 


S Age (yr) 
no. & Sex 


Cardiac 
Diagnosis 


Reason for 
Study 


ECG 


Rhythm 
(beats/min) 


Other 
Diagnoses 


Other 
Medication 
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69F 
54F 
83M 


1? conduction 
disease 

1? conduction 
disease 

1? conduction 
disease 


1? conduction 
disease 

1? conduction 
disease 

1? conduction 
disease 

1? conduction 
disease 

VHD, conduction 
disease 

CAD/conduction 
disease 

CM, unknown 
etiology 

Normal 


Hypertension 


Norma! 

Postop 
secundum ASD 

Hypertension 

Norma! 


Investigational 
Investigational 


Investigational 


Investigational 


Investigational 


Investigational 


Investigational 


Investigational 


Investigational 


Arrhythmia 
Arrhythmia 
Arrhythmia 


Arrhythmia 
Palpitations 


Syncope 
Syncope 


LBBB, VPC, 
JPC | 

Intermittent — 
Mo 20s 

RBBB, LAHB, | 
1° A-V block, 
LAE 

RBBB, LAHB 


RBBB, LPHB, 
APC. 
RBBB, LAHB, - 
LBBBB 


Intermittent LBBB, 


LVH, LAE .— 
LBBB, IMI - 


VPC,JPC, — 
1° A-V block | 
VPC in — 
trigeminy © 
WP 7. 
bigeminy, LAE 
VPC : 
WNL 

APC 

WNL 


SR 79 
SR 54 
SR 52 


SR 70 
SR 84. 
SR68 
SR69 

| SR 69 
SR 68 
SR 70 

| $R 67 
SR 68 


Carcinoma 
prostate 


Carcinoma 
prostete 
Carcinoma 
cervix 
Diabetes 

mellitus 


Stilbestrol 


Stilbestrol 


Nitroglycerin, 
diazepam 


Hydrochloro- 
thiazide 


Material and Methods 


Patients: Sixteen patients undergoing His bundle study 
_as part of a prospective study of bundle branch block or for 
_ the investigation of arrhythmia or syncope were selected for 
- study (Table I). Any medication that might affect the con- 
- duction system was discontinued at least five half-lives before 
_ the study began. Informed consent was obtained. All patients 

were studied in the postabsorptive state, and some were mildly 
sedated with oral benzodiazepines. 


- Electrophysiologic Studies 


E A quadripolar electrode catheter was placed in the right 
atrium; two electrodes were used for atrial pacing and the 
other two for recording a high right atrial electrogram. A tri- 
polar electrode catheter was positioned across the tricuspid 
valve to record low right atrial, His bundle and right ventric- 
ular electrograms. Leads I, II, IH and V; of the surface elec- 
"trocardiogram were recorded simultaneously. Electrograms 
were displayed on an oscilloscope and recorded at paper 
speeds of 100 and 200 mm/sec using an oscillographic recorder 

(Electronics for Medicine, model DR 16). 

. Control measurements: Control intracardiac intervals 
were recorded during the patient's spontaneous rhythm and 
during right atrial pacing, beginning at 100 beats/min and 

proceeding to atrioventricular (A-V) nodal Wenckebach block 

in increments of 10 beats/min. Refractory periods, zones of 
atrial response and sinoatrial conduction times were evaluated 
with the atrial extrastimulus technique using programmed 
right atrial stimuli (stimulator manufactured by Bloom As- 


sociates). The extrastimulus (approximately twice diastolic 
threshold) was introduced after every eighth beat during the 
patient's spontaneous rhythm and also during atrial pacing 
at a rate of 110 beats/min. Stimuli were first introduced late 
in electrical diastole (90 percent of cycle length) and then at 
decreasing coupling intervals (10 to 20 msec decrements) until 
atrial capture was lost. Duplicate sinus nodal recovery times 
were determined after 1 min ute of atrial overdrive suppression 
at 110, 120 and 130 beats/min. P 

Low dose procainamide: Procainamide was administered 
as 100 mg intravenous bolus injections 5 minutes apart to a 
total loading dose of 8 mg/kg body weight, and a continuous 
infusion at 0.05 mg/kg per min was started (low dose pro- 
cainamide) using a Harvard infusion pump. Fifteen minutes 
after the last bolus and at 15 min intervals thereafter, plasma 
samples were obtained for measurements or the procainamide 
level. All electrophysiologic measurements obtained during 
the control period were repeated. | 

High dose procainamide: In six patients, electrophysio- 
logic measurements were repeated after the administration 
of additional procainamide. Additional 100 mg bolus injec- 
tions of procainamide were administered intravenouslv 5 
minutes apart to bring the total loading dose to 12/mg per kg, 
and the infusion rate was increased to 0.075 mg/kg per min 
(high dose procainamide). Fifteen minutes after the last bolus 
injection, a plasma sample for procainamide level was again 
obtained, and electrophysiologic measurements were repeated 
for a third time. Further plasma samples for procainamide 
level measurement were obtained as before. Procainamide 
levels were determined with the spectrophotofluorometric 
method of Koch-Weser.';? 





— Definition of Terms (all times in msec) 


P-A interval is the time from the earliest onset of P in any 
surface electrocardiographic lead (or high right atrial elec- 
trogram if P is not visible) to the first high frequency deflec- 
tion of the low right atrial electrogram. Normal is 45 msec or 
less.® 

A-H interval is the time from the first high frequency de- 
flection of the low right atrial electrogram to the first high 
frequency deflection of the His bundle electrogram. Normal 
is 130 msec or less.® 

H-V interval is the time from the first high frequency de- 


flection of the His bundle electrogram to the earliest onset of 


the QRS in any lead of the surface electrocardiogram. Normal 
is 55 msec or less. 


Atrial effective refractory period is the longest A;-S in- 


terval (or S;-S» interval during paced rhythms) at which S (or 
S5) fails to capture the atrium, with S, S; and S» representing 
the stimulus artifact. In this and subsequent definitions, A1-A» 
or Az represents the first high frequency deflection in the high 
right atrial electrogram. At a paced rate of 110 beats/min, 
normal is 335 msec or less.? 

Atrial functional refractory period is the llorbest A1-À» 
interval resulting from any A,-S interval (or S,-S» interval 


during paced rhythms). At a paced rate of 110 beats/min, i 


normal is 365 msec or less.’ 

A-V nodal effective refractory period is the longest A1-A2 
interval that fails to capture the bundle of His. At a paced rate 
of 110 beats/min, normal is 425 msec or less.? 

A-V nodal functional refractory period is the shortest 
H,-Hp interval resulting from any A,-A» interval, with H 
representing the first high frequency deflection of the His 
bundle electrogram. At a paced rate of 110 beats/min, normal 
is 520 msec or less.’ 

Sinus nodal recovery time is the time from the last stimulus 
artifact to the earliest onset of P in any surface electrocar- 
diographic lead (or high right atrial electrogram if P is not 
visible). Normal is 1680 msec or less.® 


Zone of nonreset (interference)9?: The atrial extrastimulus 


(As) falling late in electrical diastole, collides in perinodal 
tissue with the next impulse emerging from the sinus node; 
therefore, the sinus node is not depolarized by the extra- 
stimulus, and the next sinus beat (A3) occurs at an Aj-Ag in- 


terval equal to twice the A;-A, interval despite a decreasing 


A,-Ag interval. 
Zone of reset 9.9: The atrial extrastimulus (Ag) enters the 


sinus node, which is then depolarized and resets, and the next 
sinus beat (A3) occurs at a fixed coupling interval after A»; 


therefore, as the A1-A» interval decreases, the A1- A3 interval 
also decreases in a linear fashion (the Ay-Ag interval is con- 
stant and greater than the A;-A, interval). 

Zone of interpolation®: The atrial extrastimulus (A5) falls 
in the absolute refractory period of entry to the sinus node, 
but the atrium repolarizes soon enough so that A3 emerges at 
the point the next sinus beat would be expected (the A;-A3 
interval is equal to the A,-A, interval, complete interpolation) 


or is only slightly delayed (the A;-A3 interval is greater than 


the A,-A, interval, but the A5-A; interval is less than the A-A; 
interval, incomplete interpolation). Some controversy exists 
over the explanation of interpolation.!? 

Zone of sinus echoes®9: The atrial extrastimulus falling 
near the atrial effective refractory period (Ag) is followed by 
a "sinus" beat (A3) occurring earlier than one cycle length (the 
A,-Asz interval is less than the A,-A, interval). To diagnose 
sinus echo, the P wave configuration of As has to approximate 
the normal P wave, and the sequence of atrial depolarization 
must be high to low. The reason for this phenomenon is not 
completely understood.!!-1? 
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FIGURE 1. Effect of the lower dose of procainamide on sinus nodal — — 
recovery time. The open bars represent the values obtained in the 


control period and the hatched bars those obtained after administration 


of procainamide (PRA |). SE = standard error of the mean. 


Sinoatrial conduction time is calculated as the average of P. 
a minimum of 10 reset cycles during sinus rhythm, using the — 
formula (A2-A3 — A1-A1)/2, where the A,-A, interval is the 


cycle immediately preceding each Av. Before sinoatrial con- 
duction time was calculated, care was taken to ensure that 
there was a clear zone of reset (as defined earlier) with a dif- 
ference no greater than 5 percent between the highest and 
lowest Ao-Ag cycles used. Cycles were evenly sampled from 
throughout the zone of reset. Controversy exists about the 
correct value for a normal sinoatrial conduction time; for the 
purposes of this study a value of 110 msec or less was consid- 
ered normal.!0.!4 

Data are presented as mean values + standard error of the 
mean. Differences were analyzed with a paired t test and 
considered significant when P «0.05. 


Results 
Low Dose of Procainamide 


The plasma level of procainamide was 7.4 + 0.5 ug/ml 
at the start of the electrophysiologic studies and 6.0 + 
0.4 ug/ml (p «0.05) at the end of the studies. No patient 
experienced any adverse effect during the administra- 


tion of this dose of procainamide (8 mg/kg bolus i Hye s 


tion and 0.05 mg/kg per min infusion). 

Effects on sinus node and atrium: Cycle length. 
Cycle length decreased slightly from 848 + 43 to 799 + 
42 msec (P <0.05). 

Sinus nodal recovery time: This interval was de- 
creased by procainamide (Fig. 1), but the difference was 
only significant after overdrive suppression at 120 
beats/min. 

P-A interval: This interval did not change signifi- 
cantly. 

Sinoatrial conduction time: A clearly defined zone 
of reset (see Methods) was demonstrated in only 11 
patients. Low dose procainamide caused a decrease in 
calculated sinoatrial conduction time, from 105 11 to 
90 + 9 msec (P <0.05) when these 11 patients were 
considered as a single group. Sinoatrial conduction time 
decreased in patients with both normal and prolonged 
sinoatrial conduction time, although when the patients 
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. FIGURE 2. Effect of the lower dose of procainamide on sinoatrial 
. conduction time. The open bars represent the values obtained in the 
control period and the hatched bars those obtained after low dose 
. procainamide. Patients are classified into those with normal (X 110 
msec) or prolonged sinoatrial conduction time (SACT), respectively. 
. SE = standard error of the mean. 


TABLE Il 
Effect of Procainamide on Echo Zones 


no. of Patients * 
Control Procainamide 


Sinus echo in sinus rhythm 3 2 
Sinus echo during atrial pacing 6 0 


SVT during atrial pacing ke et ie o n 


* Total of 13 zones in nine patients. 
SVT = supraventricular tachyarrhythmia. 


were classified into these two subgroups the small 


change in this interval was not quite statistically sig- 
_ nificant (Fig. 2). | 
Atrial refractory periods: Considering all patients 


a single group, atrial effective and functional refractory _ 


- periods tended to increase during sinus rhythm and 
atrial pacing, but the difference was small and statisti- 
cally significant only for atrial functional refractory 
. period during sinus rhythm (313 + 16 versus 327 + 15 
msec, P «0.05). Similarly, classification of the patients 
on the basis of normal or prolonged sinoatrial conduc- 
_ tion time suggested that this dose of procainamide had 
little effect on atrial effective and functional refractory 
periods during sinus rhythm. However, during atrial 
pacing at a cycle length of 546 msec, low dose procain- 
amide increased the atrial effective and functional re- 
fractory periods in patients with a normal sinoatrial 
conduction time but produced no change in patients 
with prolonged sinoatrial conduction time (Fig. 3). 
Zones of atrial response: No significant effect of low 
dose procainamide on the duration of the zones of in- 
terference and reset was noted. A well-defined zone of 
interpolation was not found in any of the 16 patients, 
although occasional and isolated interpolated cycles 


were noted. Three patients had small zones of sinus echo 


during the control period sinus rhythm. Low dose pro- 
cainamide abolished one zone, reduced the size of an- 
other and had little effect on the third. Six patients had 
zones of sinus echo during control period atrial pacing 
at a cycle length of 546 msec, and all six zones were 


CH mean * SE 


ALL PATIENTS «l0 msec - 
*5«0.05 SACT 
FIGURE 3. Effect of the lower dose of procainamide on atrial effective 
(ERP) and functional (FRP) refractory periods during atrial pacing at a 


»|IO msec 


. cycle lenght of 546 msec. Open bars represent values obtained in the 


control period and hatched bars those obtained after low dose pro- 
cainamide. As in Figure 2, patients are classified into those with normal 
(€ 110 msec) or prolonged sinoatrial conduction time (SACT). SE = 
standard error of the mean. 


abolished by low dose procainamide (Table II). No pa- 
tient had supraventricular tachyarrythmia (three or 
more tachyarrhythmia cycles after the extrastimulus) 
provoked by right atrial extrastimuli during sinus 
rhythm in the control period. Four patients had brief 
and spontaneously subsiding supraventricular tachy- 
arrhythmia provoked by right atrial extrastimuli during 
atrial pacing (cycle length 546 msec) i in the control pe- 
riod, and all were abolished by low dose procain- 
amide. 

Low dose procainamide generally tended to suppress 
zones of atrial and sinus echo and supraventricular 


tachyarrhythmia provoked by atrial extrastimuli, as 


noted earlier. However, abnormal atrial function and 
atrial dysrhythmias developed in two patients after the 
administration of low dose procainamide. Atrial fibril- 
lation developed in one patient after a premature atrial 
extrastimulus near the atrial effective refractory period 
during atrial pacing (cycle length 546 msec) and re- 
quired digitalis for conversion to sinus rhythm. In a 
second patient atrial fibrillation was triggered by rapid 
atrial pacing (cycle length 333 to 375 msec); the atrial 
fibrillation was preceded by the development of zones 
of sinus echoes during both sinus rhythm and atrial - 
pacing (cycle length 546 msec) that had not been 
present before low dose procainamide. 

Effects on the A-V node: A-H interval: The A-H 
mterval did not change significantly after low dose 
procainamide (sinus rhythm, 86 + 7 versus 84 + 7 msec, 
P <0.6; atrial pacing [cycle length 546], 129 + 13 versus 
117 + 11 msec; P <0.2), although it tended to decrease, 
at least during atrial pacing. 

Refractory periods: The A-V nodal effective refrac- 
tory period could be determined both before and after 
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the administration of procainamide in only five patients, 
precluding detailed analysis. No significant change was 
noted in either the effective or functional refractory 
period of the A-V node. 

Effects on His-purkinje system: Low dose pro- 
cainamide prolonged the H-V interval from 48 + 2 to 


52 + 2 msec (P <0.05). In patients with a narrow QRS, 


the H-V interval increased from 48 + 5 to 54 + 6 msec 
(P <0.02), whereas in those with bu ndle branch block 


it increased from 48 + 2 to 50 + 2 msec (P not signifi- 


cant). The plasma procainamide level was slightly 
higher in patients with a narrow QRS than in those with 
bundle branch block (7.7 + 0.4 versus 6.0 + 0.4 „g/ml, 

P «0.025). 


High Dose of Procainamide 


Six patients were given an additional 4 mg/kg bolus 


injection (total 12 mg/kg) and an increased infusion rate 
(0.075 mg/kg per min). Plasma levels at the start and 


end of electrophysiologic studies were 11.1 + 0.9 and 


10.1 + 0.7 ug/ml, respectively, and were significantly 
higher than those after low dose procainamide. During 


the bolus injection one patient became hypotensive and - 


experienced some nausea, which subsided when drug 


administration was temporarily interrupted. This 


plasma sample taken during nausea showed a procain- 
amide level of 15.2 ug/ml. 

Effects of high dose procainamide: In general, the 
effects were similar but greater in magnitude than the 
effects of low dose procainamide. The P-A interval 
tended to decrease slightly (43 + 3 versus 37 + 5, msec, 
P «0.1) after high dose procainamide, whereas it was 
unchanged by low dose procainamide. The atrial ef- 
fective refractory period, which did not change during 
sinus rhythm and tended to increase during atrial pac- 
ing after low dose procainamide, increased further after 
high dose procainamide, and the difference was statis- 
tically significant during atrial pacing (Fig. 4). The A-V 


nodal functional refractory period, which had decreased | 


minimally during atrial pacing after low dose procain- 
amide, decreased further, but the change was not sig- 
nificant (418 + 15 versus 395 + 9 msec, P «0.2). A sim- 
ilar effect on the A-H interval was noted. 
Discussion 

This study demonstrates that the usual therapeutic 
plasma levels of procainamide produce effects 
throughout the conduction system. Cycle length and 
sinus nodal recovery time decreased slightly. Atrial re- 
fractoriness increased and sinoatrial conduction time 
decreased. Atrial and sinus echo zones delineated by the 
atrial extrastimulus technique, whether or not they 
produced supraventricular tachyarrhythmia, were de- 
creased in size or abolished. A-V nodal conduction was 
facilitated, and refractoriness of this portion of the 
conduction system tended to decrease. The H-V inter- 
val, a measure of distal conduction, increased. Plasma 
levels near the upper limit of the usually accepted 
therapeutic rangel? were necessary to demonstrate 
some of these effects. If patients were classified on the 
basis of prolonged sinoatrial conduction time or the 
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FIGURE 4. Effect of the lower and higher dose of procainamide on atrial 
effective refractory period in six patients studied at two dose levels. 
Measurements were obtained during sinus rhythm and atrial pacing at 
a cycle length of 546 msec. Open bars represent values obtained in 
the control period, hatched bars those after low dose procainamide 
(PRA |) and solid bars those after high dose procainamide (PRA II). SE 
— standard error of the mean. 


presence of bundle branch block, the drug’s effects were 
less predictable, and changes in electrophysiologic | 


measurements were generally smaller. 


Correlation of effects with plasma blood levels . 


and modes of administration: Previous studies of the 
electrophysiologic effects of procainamide in intact 
humans directed relatively less attention to the ad- 
ministration of the drug. Equivalent plasma levels are 
not guaranteed even when drug administration is based 
on mg/kg of body weight, as noted in our study, and 
therefore comparisons must consider drug levels. Fur- 
thermore, despite the initial rapid decrease to steady 
state level with the administration of intravenous pro- 
cainamide (half-life, 4 to 5 minutes),?!^ some time 
must be allowed for equilibration and achievement of 
the steady state. The importance of plasma levels and 
achievement of a steady state is that, as with all drugs, 
a concentration-effect relation is to be anticipated. With 
procainamide, although the correlation may be imper- 
fect,!° Scheinman et al.4 clearly demonstrated a relation 
between the plasma procainamide concentration and 
increases in the H-Q interval and QRS width. A con- 
centration-effect relation was also noted in our study. 
In an earlier study of procainamide,’ a single intrave- 
nous bolus infusion (500 mg) was administered and 
plasma levels measured “shortly after the end of infu- 
sion" and at “approximately 10 to 15 minute intervals 
until the studies were completed." The electrophysio- 
logic measurements by Josephson et al. were not per- 
formed during steady state conditions, as indicated by 
the marked decrease in plasma procainamide levels 


from the start (11.5 + 0.8 ug/ml) to the end (7.2 + 0.9 © 
ug/ml, 13 patients, P «0.001) of the measurements 
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_ (calculated from their published data). Measurements 
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_ obtained near the start of such a study could differ 
. substantially from those obtained later. 


In our study, although 15 minutes of equilibration 


_was allowed after the last intravenous bolus injection 
at the lower procainamide dose (mg/kg) and a contin- 


‘uous intravenous infusion was administered, the pro- 
cainamide level decreased slightly but significantly (P 
<0.05) during the electrophysiologic measurements (7.4 
x 0.5 versus 6.0 + 0.4 ug/ml). Nevertheless, at this dose 
our study closely approximates a steady state of plasma 


. procainamide. In the six patients given a second bolus 
. dose (total dose 12 mg/kg), a steady state was achieved 
. because plasma drug levels at the start and end of 


electrophysiologic measurements did not differ signif- 
icantly. 
At the lower dose, plasma procainamide levels were 


. within the usual therapeutic range (4 to 8 ug/ml) during 
. electrophysiologic measurements in all of our patients, 


and at the higher dose they increased to a level just 
above the usual therapeutic range but not to a toxic level 


3 (that is, 12 ug/ml).! The major procainamide metabolite 
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N-acetyl procainamide, which is physiologically active, 
cannot be detected in plasma until approximately 75 
minutes after the intravenous administration of pro- 


- cainamide,!? and therefore the effects noted in this 
. study are probably due to procainamide itself. 


Effect on cycle length and sinus nodal recovery 
and conduction times: The small decrease in cycle 
length after the administration of procainamide was 
unexpected, as was the decrease in sinus nodal recovery 
time. In single cell preparations of normal animal atri- 
um, ventricle and Purkinje fibers, procainamide de- 
creases the slope of phase 4 of the action potential and 


increases the threshold for electrical stimulation.? If the 


latter effects also occur in cells of the sinoatrial node, 
cycle length and sinus nodal recovery time should be 
expected to increase. However, a vagolytic action has 
also been ascribed to procainamide in animals.? In intact 
humans such an effect on sinoatrial pacemaker cells 
could dominate the direct drug effects and explain the 
small changes in cycle length and sinus nodal recovery 


time. In addition, experiments with isolated tissue 
suggest that the effects of procainamide are different 
_in the diseased human heart,’ and because a number of 
. our patients had evidence of sinus nodal disease (sinus 
- bradycardia, prolonged sinoatrial conduction time), 


perhaps the effects on cycle length and sinus nodal re- 
covery time were due to bias introduced by patient se- 
lection. Procainamide was administered slowly (100 mg 


every 5 minutes) and, except in one patient, hypotension 


that could cause baroreceptor and sympathetically 
mediated shortening of cycle length and sinus nodal 
recovery time was not noted. Other investigators found 
no significant effect of procainamide on heart rate,*^ 


. and to our knowledge effects on sinus nodal recovery 


time have not been reported. 

Procainamide caused a significant decrease in sino- 
atrial conduction time; this effect did not correlate with 
the decrease in cycle length (r = —0.36, P >0.05), al- 


| though a shorter pacemaker cycle length might be ex- 


pected to contribute to a shortened sinoatrial conduc- 
tion time.? However, during sinus arrhythmia, sinoatrial 
conduction time correlates negatively with cycle length, 
that is, as cycle length shortens, sinoatrial conduction 
time lengthens.!6 The effects of procainamide on sino- 
atrial conduction time in man were not previously re- 
ported, although a preliminary report on four experi- 
ments with rabbit atrium noted no effect.!7 

Effect on atrial refractory periods: A statistically 
significant increase in atrial refractory periods after the 
administration of procainamide was surprisingly diffi- 
cult to demonstrate in our study, in view of an earlier 
report by Josephson et al. that procainamide increased 
atrial effective refractory period in 14 of 16 patients. 
Two explanations exist for this discrepancy. As men- 
tioned earlier, the measurements of Josephson et al. 
were not obtained during steady state plasma drug 
concentrations, and the average initial drug level in their 
study (11.5 + 0.8 ug/ml) was considerably higher than 
the level during the lower dose of procainamide in our 
study (7.5 + 0.5 ug/ml). For this reason we administered 
a second dose of procainamide, and the level (11.1 + 0.9 
ug/ml) was closer to the initial level of Josephson et al. 
The atrial effective refractory period, at least during 
atrial pacing, increased significantly (average 28 msec) 
at the higher drug level. Differences in refractory peri- 
ods were statistically significant more frequently during 
atrial pacing than during sinus rhythm, perhaps because 
variations in cycle length during sinus rhythm con- 
tributed to a wide variation in mean refractory periods. 
However, we noted no significant correlation between 
sinus rhythm cycle length and refractory periods, al- 
though changes in paced cycle lengths are known to 
alter refractory periods.’ Another reason a statistically 
significant increase in atrial refractoriness after the 
administration of procainamide was difficult to dem- 
onstrate in our study was that several patients had 
prolonged sinoatrial conduction time, and these patients 
did not show any effect of procainamide on atrial re- 
fractory periods (Fig. 3). The classification of patients 
on the basis of a sinoatrial conduction time of 110 msec 
or less was admittedly arbitrary but did provide two 
equal-sized subgroups to compare the effects in patients 
with sinoatrial disease. Prolonged sinoatrial conduction 
time is known to correlate imperfectly with sinoatrial 
conduction disease.!® 

It is interesting that changes in sinoatrial conduction 
time and atrial functional refractory period were in the 
opposite direction: sinoatrial conduction time decreased 
and the atrial functional refractory period increased. 
'This observation supports the hypothesis that these two 
measures do not assess the same parts of the conduction 
system. The atrial functional refractory period appears 
to be a relatively direct assessment of conduction in the 
atrium. In contrast, sinoatrial conduction time depends 
on the duration (and refractoriness) of the sinoatrial 
nodal pacemaker and conduction through perinodal 
tissue in addition to atrial conduction. As discussed 
earlier, the known vagolytic action of procainamide? on 
either the sinoatrial node or perinodal tissue, or both, 
could outweigh an opposing direct effect on atrial con- 








duction and result in a shorter sinoatrial conduction 
time with increased refractoriness in the atria. 

Effect on supraventricular tachycardia: Our 
study provides direct electrophysiologic evidence to 
support the use of procainamide in supraventricular 
tachyarrhythmias. Echo beats produced by premature 
atrial extrastimuli near the atrial functional refractory 
period were repeatedly shown to trigger supraventric- 
ular tachyarrhythmia and are frequently used for this 
purpose in diagnostic electrophysiologic studies.!? In 
our study, a sinus echo zone (as defined by Dhingra et 
al.) was noted during sinus rhythm or atrial pacing or 
- both, on nine occasions and was abolished by procain- 
amide in seven and reduced in one. More direct evidence 
of a potentially beneficial effect of procainamide in 
preventing supraventricular tachyarrhythmia is pro- 
vided by the observation that four zones of atrial echoes 
that produced short runs of supraventricular tachyar- 
rhythmia during the control period were abolished by 
procainamide. However, in two patients echo zones or 
atrial fibrillation, or both, developed in response to very 
premature atrial extrastimuli after the administration 
of procainamide, whereas these responses did not occur 
in the control period. No conclusion can be reached 
about patients whose supraventricular tachyarrhythmia 
is maintained by dual A-V nodal conduction?? because 
this phenomenon was not noted in any of our pa- 
tients. 

The observed effects of procainamide on A-V nodal 
conduction in our study agree with the data of others® 
suggesting that A-V nodal conduction is enhanced by 
procainamide because the A-H interval shortens and 
the A-V nodal functional refractory period decreases. 
These effects may be due to the drug’s vagolytic ac- 
tions.? 

Effect on intraventricular conduction: Prolon- 
gation of the H-V interval by procainamide was previ- 
ously reported^^? and is confirmed by our data. This 
effect is more difficult to demonstrate in patients with 
electrophysiologic evidence of conduction disease 
(bundle branch block). However, the plasma procain- 
amide level in our patients with bundle branch block, 
although within the therapeutic range (4 to 8 ug/ml),! 
was slightly lower than the level in those with a narrow 
QRS, and therefore the difference may not be due solely 
to the presence of conduction disease. The difference 
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in plasma levels is so slight that it is an unlikely expla- 
nation for the differences between patients with bundle 
branch block and those with a narrow QRS. Scheinman - 
et al. administered procainamide intravenously to - 
patients with intraventricular conduction delay without _ 
significant adverse effects on atrioventricular conduc- | 
tion although in one patient with sinus bradycardia, - 
sinus rhythm slowed further and a stable junctional — 
pacemaker that conducted normally to the ventricle — 
emerged. They concluded that is is safe to administer _ 
procainamide intravenously to patients with intra- | 
ventricular conduction delay. Our data show only a — 
modest increase in the H-V interval in patients with E 
bundle branch block and thus support their conclu- - 
sion. | 

Clinical correlation: The acute dlectronhwai itid E 
effects of intravenous procainamide are (1) a small de- 
crease in cycle length; (2) a small decrease in sinus nodal — 
recovery time; (3) a decreased sinoatrial conduction - 
time; (4) slowed atrial conduction with increased re- — 
fractoriness; (5) abolition of sinus and atrial echo beats, _ 
whether or not they produce supraventricular tachy- | 
arrhythmia; (6) facilitated A-V nodal conduction with 
decreased refractoriness; and (7) slowed infranodal (that 
is, below H) conduction. Because procainamide gener- _ 
ally abolishes extrasystoles that frequently trigger su- | 
praventricular tachyarrhythmia and has widespread 
effects throughout the conduction system that enable - 
it to interrupt reentry at several points, procainamide — 
should be useful in the management of pai. F 
tachyarrhythmia. | 

Some effects on atrial refractoriness occurred only at 
plasma levels near the upper limit of the usually ac- — 
cepted therapeutic range (10 to 12 ug/ml), and therefore — 
higher than usual doses may be needed in some patients. | 
The effects of the drug are less predictable in patients — 
with evidence of conduction disease (increased sino- — 
atrial conduction time or bundle branch block). Studies - 
of the electrophysiologic effects of antiarrhythmic drugs — 
in man should distinguish the effects in patients with _ 
normal from those in patients with abnormal intracar- 
diac conduction. 
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Diazoxide, 300 mg as a single bolus injection, is widely used to treat se- _ 
vere hypertension. Although usually effective, this standard dosage may — 
decrease the blood pressure too much, inducing hypotensive problems. ^ ; 
In this study 32 patients with a diastolic blood pressure above 125 mm. 
Hg were treated with smaller bolus injections, 105 or 150 mg, which were - 

repeated every 5 minutes as needed to reduce the diastolic pressure to 
110 mm Hg or less. Seven patients of the 32 patients needed only one 

injection of 150 mg; only one patient needed more than three injections. — 
This individual titration with mini-bolus injections of diazoxide was ef- 

fective and did not induce hypotension or other side effects. 


Diazoxide, a benzothiadiazine derivative, has no diuretic effect but i is 
a potent vasodilator. It exerts its antihypertensive action solely by re- — 
ducing the peripheral vascular resistance through direct relaxation of | 
arterioles.! Since its introduction for general clinical use in 1973, dia- 
zoxide has been increasingly used as the parenteral drug of choice in the 
treatment of hypertensive emergencies. The other potent drugs available 
for such treatment, sodium nitroprusside and trimethaphan camsylate, 
require continuous intravenous infusion and constant, careful monitoring 1 
of the patient, preferably in an intensive care facility. Administration 
of diazoxide does not ordinarily require such continuous monitoring, and. í 
the drug is conveniently given as a bolus injection. 
The current recommended dose of diazoxide is 300 mg or 5 mg/kg bodai 
weight given by rapid intravenous injection to overcome the avid binding 
of the drug to plasma proteins.” Several reports® © have attested to the - 
usefulness of this standard dose in treating severe hypertension. How- — 
ever, injection of this relatively large single dose makes no allowance for 
possible intersubject variability in response, committing the physician — 
(and the patient) to whatever degree of hypotensive effect that maya 
ensue. Severe hypotension”? with resultant myocardial ischemia®!®!! — 
and cerebral vascular insufficiency?:!! has been reported with the stan- - 
dard 300 mg dose of diazoxide. i 
In this study we evaluated the effectiveness of smaller dose bolus i in- 
jections of diazoxide for the treatment of severe hypertension. We rea- 
soned that “mini-bolus” injections of diazoxide, if effective, would e | 
the dangers of a drastic and precipitous reduction in blood pressure. | 


. Material and Methods 


Adult patients presenting to Parkland Memorial Hospital were included in — 
the study if their supine resting diastolic blood pressure remained greater than | 
125 mm Hg after at least 30 minutes of observation and they had no known | 
coronary artery disease, chest pain of unknown origin, acute aortic dissection — 
or acute stroke. Patients receiving coumarin anticoagulant agents and pregnant | 
women were excluded. The blood pressure was obtained every minute after the — 
first injection of diazoxide with a sphygmomanometer using an appropriate cuff — 
size and utilizing the fifth Korotkoff sound as the indicator of diastolic blood 3 
pressure. Heart rate and rhythm were continuously monitored by electrocar- | 
diogram with tracings obtained for the first 2 minutes after each injection and _ 
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_ FIGURE 1. Blood pressure and heart rate responses in Group |, 12 
_ patients receiving 105 mg + 150 mg of diazoxide. bts = beats; DBP 
_ and SBP = diastolic and systolic blood pressure, respectively; HR = 
- heart rate; A = change. | 


TABLE I 
Presenting Characteristics of Patients in Study (mean + 


_ Standard error of the mean and range) 
gc 





Group | Group II 
Feature (12 patients) (20 patients) 
Age (yr) 48.2 t 2.4; 46.2 t 3.2; 
31-60 20-76 
. Serum creatinine 25 + 0.75 1.33 + 0.16 
(mg/dl) 0.9 — 9.9 0.5-4.2 
- Baseline blood pressure 
|»... (mm Hg) 
fi Systolic 216 + 6.7 21444 
. Diastolic 139 + 7.9 138 + 2 
Baseline heart rate 81+ 5 87 + 3.3 


Li (beats/min) 

E 

at any other time when indicated. Blood chemistry values were 
determined with an auto-analyzer. 

Protocol: Two groups of patients were studied. Group I, 
consisting of 12 patients, received 105 mg (7 ml) of diazoxide 
as the initial dose followed by an injection of 150 mg (10 ml) 
_ of diazoxide if the response to the initial dose was inadequate. 
- Because of a uniformly inadequate response to 105 mg of 
- diazoxide, the 20 patients in Group II each received 150 mg 


- of diazoxide as the first injection. Additional bolus injections 
_ of 150 mg were given every 5 minutes to achieve the desired 






UE 


y diastolic blood pressure level of 110 mm Hg or less. The end 
. point of the diazoxide titration regimen was either a reduction 
- in diastolic blood pressure to less than 110 mm Hg or a cu- 
 mulative diazoxide dose of 600 mg. The interval of 5 minutes 
between injections was chosen because the response to dia- 
- zoxide is usually seen within 5 minutes and we wanted to 
_ minimize the time required to lower the blood pressure to a 
. safe level. Each dose of diazoxide was injected rapidly (in 20 
. to 30 seconds) into an open intravenous line. To premit ex- 
. amination of the direct effects of diazoxide, no other drugs, 
including diuretic agents, were given during the diazoxide 
titration. 
Statistical comparisons were made using the Mann- 
Whitney test.!? 


Results 


Group I comprised 12 patients who were given 105 mg 
of diazoxide as the first dose followed by 150 mg (Table 
J). The average pretreatment blood pressure was 
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FIGURE 2. Blood pressure and heart rate responses in Group II (20 
patients) after the first injection of 150 mg of diazoxide. Abbreviations 
as in Figure 1. 
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FIGURE 3. Total dose of diazoxide required by the 20 patients in Group 
Il to lower the diastolic blood pressure to 110 mm Hg or less. 


216/139 mm Hg. With 105 mg of diazoxide both systolic 
and diastolic pressures decreased only 9 mm Hg (Fig. 
I). However, with an additional 150 mg, systolic blood 
pressure decreased a further 21 mm Hg and diastolic 
blood pressure 19 mm Hg (Fig. 1). The average increase 
in heart rate was 5 beats/min. 

` Group II comprised 20 patients who received 150 mg 
of diazoxide as the initial dose followed by additional 
bolus injections if required to achieve a diastolic blood 
pressure of 110 mg Hg or less (Table I). After the first 
injection, the average systolic blood pressure in this 
group decreased from 214 to 187 mm Hg and the dia- 
stolic blood pressure decreased from 138 to 117 mm Hg 
(Fig. 2). The heart rate increased from 87 to 100 beats/ 
min. Six patients required no further injections because 
the goal diastolic blood pressure of 110 mm Hg was 
achieved with a single 150 mg injection. Seven patients 
required two bolus injections, six patients required three 
injections and one patient required four injections of 150 
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mg of diazoxide to achieve the desired: reduction in 
blood pressure (Fig. 3). 

Factors influencing required diazoxide dosage: 
To determine why some patients required more doses 
of diazoxide than others, we analyzed factors including 
` age, body weight, initial blood pressure, plasma creati- 
nine and recent antihypertensive therapy (within 1 
week of diazoxide treatment) (Table II). There was no 
significant difference in the ages (P « 0.90) or plasma 
creatinine values (P < 0.68) of the patients who received 
only one dose or more than one dose of diazoxide. AI- 
though the difference in baseline blood pressure was 
only of borderline significance (P « 0.138), patients who 
required multiple injections of diazoxide had a signifi- 
cantly greater body weight (P < 0.013) than those who 
needed only a single injection to achieve the goal blood 
pressure. Their relatively greater body weight may ex- 
plain the need for the additional injections. Retinal 
changes, which apparently reflect the general vascular 
status of the severely hypertensive subjects, are listed 
in Table II. Mroczek et al.!? found that patients with 
accelerated hypertension tended to respond to diazox- 
ide injections with a greater and more sustained de- 
crease in blood pressure than patients with chronic 
hypertension. However, among our patients the number 
of injections required was not apparently related to 
funduscopic changes or other indexes of the severity of 
the hypertensive process. 

Side effects: No patient became hypotensive. Six 
patients complained of palpitations, although the ma- 
jority showed an increased heart rate with effective 
blood pressure reduction. One patient remained without 
complications for the initial 24 hours after diazoxide but 
then had a transient hemiparesis. Diazoxide had de- 
creased her blood pressure to 190/96 from 250/145 mm 
Hg. At the time of the onset of the signs and symptoms 
of hemiparesis, her blood pressure was 130/90 mm Hg. 
Her neurologic changes cleared completely. No morbid 
cardiac events were observed in this study. 


Discussion 


An ideal drug for the rapid control of severe hyper- 
tension should be potent and convenient to administer 
without producing major side effects. Although nitro- 
prusside and trimethaphan are potent and rapidly ef- 
fective, their use demands constant monitoring of the 
patient with careful titration of the continuous intra- 
venous drip infusion. Diazoxide offers the advantage of 
being given as a bolus injection rather than as a con- 
tinuous infusion, and constant monitoring of the patient 
is usually not required once the desired blood pressure 
level is reached. However, a major drawback with dia- 
zoxide is the lack of a titratable dose to suit an indi- 
vidual patient's responses. Standard 300 mg dose in- 
jections sometimes produce severe hypotension, espe- 
cially in patients who have received other antihyper- 
tensive agents before or concomitantly with diazoxide. 
To date, at least 40 major morbid events have been re- 
ported after a standard dose diazoxide injection, in- 
cluding five deaths, two strokes and four myocardial 
,infarctions.!! 





TABLE II 


Comparison of Patients Requiring One or More Than One 
Injection of 150 mg of Diazoxide 


More Than One 


One Injection Injection 
(6 patients) (14 patients) 
Age (yr) 45.34 8.2 46.5 t 3.3 
Body weight (kg) 64.7 + 4.4 85.1 + 4.8 
Creatinine (mg/dl) 1.18 + 0.22 1.39 + 0.22 
Baseline blood 
pressure 
(mm Hg) 
Systolic 208 t 10 21615 
Diastolic 132 144 14143 
Recent antihyper- 3 patients: 1 patient: 
tensive therapy hydrochloro- hydrochloro- 
thiazide (1); thiazide, pro- 
methyldopa (2) pranolol and 
hydralazine 
Funduscopic 
changes * 
Grade 0- 1 3 patients 8 patients 
Grade 2 2 patients 2 patients 
Grade 3 1 patient 3 patients 
Grade 4 None 1 patient 


*Keith-Wagener-Barker classification. 


In the present study, the dosage of diazoxide was ti- 
trated against the blood pressure response of individual 
patients in an attempt to avoid a major decrease in 
blood pressure. The results indicate that repeated in- 
jections of diazoxide starting with a dose of 150 mg can 
be effective in reducing the blood pressure. The effec- 
tiveness of "mini-bolus" injections of diazoxide in 


treating severely hypertensive adults has been indicated _ 


in two abstracts,!^!^ and one paper has described its use 
in children.!9 | 

Mini-bolus diazoxide titration may offer a useful al- 
ternative to currently available therapeutié measures 
in treating patients who need immediate reduction of 
blood pressure. Although we did not encounter any 
untoward cardiac effects, it should be made clear that 
patients with known coronary artery disease were ex- 
cluded. Therefore, our results do not provide evidence 
about the safety of using mini-bolus injections of dia- 
zoxide in patients with coronary artery disease. It is 
likely that gradual rather than unpredictable, marked 
reductions in blood pressure should reduce the occur- 
rence of acute coronary events in susceptible 
subjects. 

On the basis of our findings, we conclude that mini- 
bolus injections of diazoxide—that is, 150 mg every 5 
minutes—can be effective in rapidly controlling severe 
hypertension while providing the advantages of ease of 
administration and relative freedom from side ef- 
fects. 
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The refinement of the techniques of programmed stimulation and intra- 
cardiac recording has led to understanding of the mechanism of ventricular 
tachycardia and these techniques can be applied clinically to the devel- 
opment of therapeutic regimens. The efficacy of drug therapy can be 
assessed in sequential studies evaluating the ability of drugs to prevent 


initiation of the arrhythmia by electrical stimulation. The efficacy of o ;] 


pacemaker therapy can be evaluated by assessing the effects of stimu- 
lation during the tachycardia. The recent development of endocardial 
mapping provides the surgeon with a tool to guide therapeutic surgical 


ablation of the site of origin of the tachycardia. Such an electrophysiologic — 


approach to recurrent ventricular tachycardia can lead to the rapid de- 
velopment of successful therapy under controlled conditions. 


'The treatment of recurrent sustained ventricular tachycardia remains 
difficult and often frustrating. The choice of pharmacologic, pacemaking 
or surgical therapy, alone or in combination, has heretofore been em- 
pirically based without objective measures to predict efficacy. In most 
patients with recurrent sustained ventricular tachycardia, particularly 
those with coronary artery disease and ventricular aneurysm, the ar- 
rhythmia can be reproducibly initiated and terminated with pro- 
grammed electrical stimulation and the origin localized with endocardial 
mapping. 'This observation provides the basis for an organized electro- 
physiologic approach to the therapy of this arrhythmia.! 5 The ability 
to initiate the tachycardia reproducibly with programmed stimulation 
permits rapid and accurate assessment of pharmacologic therapy, 
whereas termination of the arrhythmia with programmed stimulation 
provides the data on which the choice of pacing therapy can be based. 
Finally, localization of the site of origin of the arrhythmia can guide the 
surgical approach to ablation of ventricular tachycardia if drug therapy 
and pacing prove unsuccessful. Similar electrophysiologic approaches 
have led to the development of therapeutic regimens for the treatment 
of arrhythmias that complicate the Wolff-Parkinson-White syn- 
drome"*-!4 and recurrent supraventricular tachycardias not associated 
with preexcitation.!?-!5 The present review will describe in detail our 
electrophysiologic approach to recurrent sustained ventricular tachy- 
cardia in 34 patients. 


Patient Population 


Forty patients with recurrent sustained ventricular tachycardia were studied 
after giving informed consent. The patients ranged in age from 8 to 73 years. The 
majority (25) of the patients had coronary artery disease, and 21 had a left 
ventricular aneurysm or healed myocardial infarction. The remaining patients 
had cardiomyopathy (four patients), valvular heart disease (four patients) or 
no structural heart disease (seven patients). Each patient had had at least four 
spontaneous episodes of ventricular tachycardia although most had had many 
more (18 + 6 episodes [mean + standard deviation]). In none of these patients 
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was ventricular tachycardia related to transient clinical states Assessment of Pharmacologic Therapy 
such as drug toxicity or congestive heart failure. Thirty-two t 
patients were referred for study because they had recurrent In our experience recurrent sustained ventricular 
arrhythmias despite empiric therapy with at least one anti- tachycardia, particularly that due to coronary arter y 
arrhythmic agent, usually procainamide or quinidine. disease and the idiopathic variety, can be reproducibly 
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FIGURE 1. Initiation of ventricular 
tachycardia with programmed stimu- 
lation. Panels A through C are arranged 
from top to bottom as follows: elec- 
trocardiographic leads Il (2) and V;; 
electrograms from the coronary sinus 
(CS), His bundle recording site (HBE), 
right ventricular apex (RVA), the border 
of a left ventricular aneurysm (LV-An, 
border) and in the aneurysm (LV-AN) 
and time lines (T) at 10 msec intervals. 
The left ventricular electrograms were 
recorded from a quadripolar catheter 
with the distal pair of electrodes in the 
left ventricular aneurysm and the 
proximal pair at its border. The ventri- 
cles and atria were paced at a basic 
cycle length of 700 msec (S, A, — A, 
and V, — V4), and after every eighth 
paced complex progressively prema- 
ture ventricular extrastimuli were de- 
livered from the right ventricular apex 
(S and V5). In A and B ventricular ex- 
trastimuli delivered at 310 and 300 
msec, respectively, produced frac- 
tionation of the electrogram in the an- 
eurysm (arrows). At a critical coupling 
interval of 290 msec (C) fractionation 
of the electrogram in the aneurysm 
spanned diastole, and ventricular 
tachycardia ensued. 
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initiated in the vast majority of patients (34 of 40; 85 
percent) with programmed electrical stimulation that 
— includes the introduction of progressively premature 
single or double ventricular extrastimuli and rapid 
ventricular pacing to cycle lengths of 250 msec (Fig. 1). 

The details of the stimulation protocol have previously 

been reported. 

The effect of a variety of antiarrhythmic agents, alone 
or in combination, on the ability to initiate the tachy- 
cardia can be assessed with programmed stimulation 
over a period of several days. However, programmed 
stimulation can be used to assess drug therapy only in 
those patients in whom the tachycardia can be repro- 
ducibly initiated. Thirty-four of the 40 patients studied 
met this criterion and form the basis for the present 
review. 

-= The use of an electrophysiologic protocol for drug 
selection is based on two assumptions: (1) The tachy- 


Control 


ular tachycardia. Each panel shows electro- 
cardiographic lead V, and a right ventricular 
(RV) electrogram. Stimuli during ventricular 
pacing (S;) and programmed extrastimuli (S; 
and $3) are indicated. The coupling intervals 
of the extrastimuli are shown at left between 
S; and S; and S; and S}. The cycle length of 
the tachycardia is indicated on the right. A, in 
the control study, ventricular tachycardia ini- 
tiated by two extrastimuli had a cycle length of 
270 msec. B, after the intravenous adminis- 
tration of 1,500 mg of procainamide (plasma 
level 18.7 ug/ml), ventricular tachycardia was 
still inducible at slightly longer coupling inter- 
vals; however, the cycle length of the tachy- 
cardia was greatly prolonged. The QRS com- 
plex was also widened to 215 msec (control 
value 165 msec). C, after the oral adminis- 
tration of 2,000 mg of quinidine (plasma level 
3.4 ug/ml), ventricular tachycardia was in- 
ducible at the control coupling intervals and the Vi 
cycle length was not significantly different from 

the control value. D, after the intravenous ad- 

ministration of 175 mg of lidocaine, nonsus- D 

tained ventricular tachycardia (one complex) 

was induced. E, after the intravenous admin- RV =) 
istration of 1,000 mg of diphenylhydantoin S 
(plasma level 9.75 ug/ml), two ventricular 
extrastimuli failed to induce ventricular 
tachycardia. No other coupling intervals or 
stimulation protocol produced ventricular 
tachycardia after the administration of diphe- 
. nylhydantoin. Identical results were obtained 

3 days later during long-term oral administra- E 
tion of diphenylhydantoin (plasma level 10.5 
.L g/ml). (From Horowitz et al.,?' with permis- 

sion of the American Heart Association, 

Inc.) 
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FIGURE 2. Serial electrophysiologic study to 3 i E 2 
establish pharmacologic therapy for ventric- Procainamide "d 
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cardia initiated in tks sna with t programm aT 
stimulation is identical to the clinical a > 
(2) the response to antiarrhythmic agents in the labo- — 
ratory predicts the clinical response. The first of these - 
assumptions appears to be well established; our ow n 
experience and that of several other centers employing - 
this approach support the second assumption.^7?.!^- - 
17 b. 19- 22 

Prevention of initiation of sustained — I 
A drug is considered successful only if it prevents t. the a 
initiation of sustained tachycardia. Although some 
investigators use the width of the “tachycardia zone’ ^ 
to judge drug efficacy, ^? we believe that this end poin 
is not definitive for determining chronic drug therapy a 
The acutely administered drugs in our protocol include — 
procainamide (1 to 2 g intravenously), quinidine (800 m 
intramuscularly), disopyramide (200 to 300 mg one > 
lidocaine (225 mg intravenously) and diphenyliyaaea 
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Es (1 g intravenously). Propranolol (0.1 mg/kg) was 
P used only if no contraindications (heart failure, for ex- 
ample) were present. Examples of the use of this method 
- to select a drug regimen are shown in Figures 2 and 3. 
- In Figure 2 both lidocaine and diphenylhydantoin 

J prevent the initiation of ventricular tachycardia with 
- programmed stimulation, and diphenylhydantoin was 
- selected for long-term therapy. In Figure 3 procain- 
— amide at a plasma level of 10.2 mg/liter prevents the 
_ initiation of sustained tachycardia although a short run 
. ef four complexes of the arrhythmia is seen. In neither 
- case has sustained ventricular tachycardia occurred in 
I the follow-up period. 

f. — Isoproterenol as an additional stress test: In three 
patients with exercise-induced ventricular tachycardia 
in whom ventricular stimulation alone failed to initiate 
Oe tachycardia, an infusion of isoproterenol to increase 
the sinus rate to 125 to 150 beats/min was used. This 
. resulted in spontaneous ventricular tachycardia or al- 
- lowed programmed stimulation to induce a tachycardia 
- that was not inducible before the infusion of isoprote- 
le renol. Isoproterenol therefore serves as a stress test for 
- either exercise- or ischemia-induced arrhythmias in 
— these cases. In such instances propranolol has been 
- uniformly successful in prevention of tachycardia, both 
£ pu and on a long-term basis (Fig. 4). 

. Selection of suitable plasma drug level: Acute 
1armacologic testing also allows one to select an ap- 
Berna plasma level that should be maintained 
. during long-term oral therapy in order to prevent the 
arrhythmia (Fig. 5).?! Although a close correlation ap- 
. pears to exist between the short and long-term blood 
levels required for arrhythmia prophylaxis for group 1A 
 agents?? (procainamide and quinidine, for example) and 
. diphenylhydantoin, this is not the case with propran- 
- olol. The efficacy of beta adrenergic blocking drugs 
- depends on the relation between the prevailing sym- 
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FIGURE 3. Prevention of initiation 
of sustained ventricular tachycardia 
with drug therapy. A anc B are or- 
ganized from top to bottom as 
electrocardiographic leads aVF and 
V, and a left ventricular (LV) elec- 
trogram. Time lines (T) at the bot- 
tom of B are at 10 msec intervals. 
During the control study (A), sus- 
tained ventricular tachycardia at a 
cycle length of 250 msec was ini- 
tiated by two ventricular extrastimuli 
(S5 and S4) delivered from the left 
ventricle. After the administration of 
1 g of intravenous procainamide 
produced a plasma level of 10.2 
mg/liter, the initiation of sustained 
ventricular tachycardia was pre- 
vented although a short run of four 
complexes is seen. Long-term oral 
therapy with procainamide pro- 
ducing trough plasma levels of 10.5 
to 11.0 mg/liter has prevented the 
recurrence of spontaneous ven- 
tricular tachycardia. 


pathetic tone and concentration of the drug. Therefore, 
the demonstration that acutely administered pro- 
pranolol is effective suggests that long-term adminis- 
tration of the drug will be successful but that the ap- 


propriate dose may vary depending on sympathetic. 


tone. 

Correlation of failure to prevent initiation of 
tachycardia and the occurrence of spontaneous 
episodes: We also found that the failure of a drug to 
prevent the initiation of ventricular tachycardia cor- 
relates closely with the spontaneous development of this 
arrhythmia. In our series, in all 10 patients in whom 
each acutely administered drug failed to prevent the 
initiation of ventricular tachycardia, spontaneous epi- 
sodes of ventricular tachycardia occurred within 30 days 
during therapy, even with the agent that made the 
tachycardia most difficult to induce.?! In addition to 
demonstrating failure of the various antiarrhythmic 
agents to prevent initiation of arrhythmia, serial drug 
testing can demonstrate occasional paradoxic acceler- 
ation of the rate of tachycardia (Fig. 6). We noted such 
paradoxic acceleration in five patients after the ad- 
ministration of lidocaine and in one patient after the 
administration of diphenylhydantoin.*! In these cases 
the long-term use of an oral lidocaine derivative (to- 
cainide, for example) or diphenylhydantoin would be 
contraindicated. 

Although an increase in the rate of tachycardia has 
not been observed after the administration of group 1A 
drugs, as increasing doses of group 1A agents are ad- 
ministered, the tachycardia frequently becomes easier 
to induce or even incessant (Fig. 5 and 6). This phe- 
nomenon can be explained by a greater slowing of con- 
duction in the reentrant circuit than prolongation of the 
refractory period of the components of the reentrant 
circuit. Thus the circulating wave front will never en- 


counter a refractory “tail” of the preceding circulating. 
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FIGURE 4. Initiation of ventricular tachycardia after administration of isoproterenol and its abolition with propranolol. A through C are arranged from 
top to bottom as electrocardiographic leads | (1), ll (2) and V, and intracardiac electrograms from the coronary sinus (CS), His bundle recording 
site (HBE), right ventricular apex (RVA), right ventricular outflow tract (RVOT) and time lines (T) at 10 msec intervals. In A, pacing from the right 
ventricular apex at a cycle length of 300 msec (S, arrows) failed to induce an arrhythmia. In B, after infusion of isoproterenol at 4 ug/min increased 
the sinus rate to 125 beats/min, identical stimulation produced polymorphic ventricular tachycardia. Intravenously administered propranolol (5 — 
mg at 1 mg/min) during the isoproterenol infusion abolished the tachycardia and prevented its reinitiation by rapid pacing (C). 








FIGURE 5. Evaluation of dose-re- 





EB sponsiveness for procainamide. 
a Each panel shows electrocardio- 
" Vi | | graphic lead V , and a right ventric- 
a Ur. ular (RV) electrogram. Stimuli are 


introduced as in Figure 1. A, in the 
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5 ; S a ——— —— 290 | 240 A j | 490 i control study, ventricular tachy- 
" 3] Sj | 7 í X | ' cardia with a cycle length of 400 
i msec was initiated by two ventric- 
E C V | ular extrastimuli (So and S3). B, after 
E Ie J : PE p oD | 1,000 mg of procainamide was ad- 
P "redde | di ministered intravenously (plasma 
M V level 12.5 mg/ml), the tachycardia 
E RV 460 \ 540 could still be induced but had a 
b. — —À ij T ————— ine longer cycle length (490 msec). C, 
E. : | | | | after an additional infusion of 250 
Be mg of procainamide (plasma level 
NEP 15.0 mg/ml), the tachycardia could 
i be induced more easily by a single 
E ventricular extrastimulus during 
E sinus rhythm. However, the cycle 
z length was further prolonged (540 
NI msec). After another 250 mg of 
| procainamide (plasma level 17.5 
ld mg/ml) the tachycardia was no 
B. longer inducible. 
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Lr 0 Ie 





ie cardiographic lead V , and a ventricular (LV or RV) electro- 
lc Quinidine gram. Abbreviations, coupling intervals and cycle lengths 
E v are as indicated in the previous figures. A, during the control 
2 study, ventricular tachycardia was induced by a single ex- 
C trastimulus during ventricular pacing. B, after intravenous 


RV | 535 administration of 1,250 mg of procainamide (plasma level 
H area —— eres 11.3 ug/ml), ventricular tachycardia was induced by a single 
uL Sy I 52 extrastimulus during sinus rhythm and the cycle length was 
longer than the control value. The difference in QRS con- 
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Disopyramide figuration in B was primarily due to a change in gain and QRS 

DU. 7M prolongation. C, after oral administration of 2,000 mg of 
Bi. ETAN quinidine (plasma level 3.4 ug/ml), ventricular tachycardia 
ED E satin ceex ie was initiated by a single extrastimulus during ventricular 
f oe A $ ra PE. ; ; pacing, and the cycle length was 730 msec. D, after oral 
— dM TM — —SC^7 administration of disopyramide (200 mg loading dose and 400 
e $1990 5| 70 .$2 mg in 24 hours), ventricular tachycardia (cycle length 560 
" Lidocaine msec) was induced by a single extrastimulus during ven- 
E tricular pacing. E, after intravenous administration of 150 mg 
ls M | of lidocaine, ventricular tachycardia was more difficult to 
| induce, requiring two extrastimuli; however, the cycle length 
E V3 y v V v Of the tachycardia was shortened to 320 msec from a control 
DUEB Nr CA HS RCD AE | UENRA S value of 470 msec. No antiarrhythmic agent at tolerated 
St 310 S$ 290 $3 plasma concentrations prevented the initiation of ventricular, 

+ 500msec 4 tachycardia. (From Horowitz et al.*' with permission of the 
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American Heart Association, Inc.) 





A PACING | VT 
| BCL- 400 rud 


FIGURE 7. Role of pacing site in the termination of ventricular 
tachycardia. During ventricular tachycardia (VT) at a cycle 
length of 500 msec atrial (A) pacing at a basic cycle length 


tachycardia. Thus, the optimal pacing site and resultant wave 





(BCL) of 400 msec captured the ventricle but failed to ter- V PACING NSR = 
minate ventricular tachycardia (top). However, ventricular t), A 
.. (V) pacing at the same basic cycle length terminated the ~BCL=400 B 


front of depolarization should be ascertained before a per- 
manent pacemaker is implanted. NSR = normal sinus 


rhythm. 


impulse. We have found that a further increase in the 
dose of that agent usually results in termination of the 
arrhythmia and in the inability to reinitiate the ar- 
rhythmia (Fig. 5). One must therefore assume that in- 
creasing the dosage either prolongs refractoriness more 
than conduction or produces bidirectional block in the 
reentrant circuit; in either case the tachycardia can no 
longer be initiated or sustained. 


Long-term results of the testing method: In this 
series, a successful pharmacologic regimen was devised 
in 20 of 34 patients (59 percent). No episode of ven- 
tricular tachycardia has occurred in an average follow- 
up period of 18 + 8 months. The most effective single 
agent has been procainamide (successful in 11 patients 
whose tachycardia was eventually controlled with 
drugs), but doses commonly considered “toxic” have 
been required.?* The short and long-term plasma levels 
required for successful therapy range from 9.3 to 19.3 

 mg/liter. In the other nine patients a different drug was 
effective. However, no clinical or electrophysiologic 
criteria allowed prediction of either the agent (or agents) 
or the dose eventually found successful without sys- 
tematic evaluation with programmed stimulation. The 
success of experimental antiarrhythmic agents can also 
be tested with this method. 


Evaluation of Pacemaker Therapy 


Stimulation protocol: In 27 of 34 patients(79 per- 
cent) in whom ventricular tachycardia could be repro- 
ducibly initiated, the hemodynamic status during 
ventricular tachycardia allowed evaluation of modes of 
pacemaker termination of the tachycardia. In seven 
patients cardioversion was required because of hemo- 

- dynamic deterioration or development of angina pec- 
toris, or both. In the remaining 27 patients programmed 
ventricular stimulation similar to that used to initiate 


the tachycardia was utilized.* The stimulation protocol. 


included the introduction of single ventricular prema- 
ture depolarizations scanning diastole until ventricular 
refractoriness was reached. If refractoriness was en- 
countered before termination of the tachycardia, a 
second ventricular extrastimulus was introduced. The 

* coupling intervals of both the first and second extra- 
stimuli were varied until both were refractory. If double 


utilize a  patient-initiated pacenekgt (radiofrequency E 
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ventricular extrastimuli failed to terminate the e 
rhythmia, bursts of rapid ventricular pacing for 3 tol 
beats at cycle lengths from the tachycardia cycle len gt 
to 200 msec were employed. In the 27 patients, 10 ep p 
sodes of tachycardia could be terminated with a single 
ventricular extrastimulus, 11 could be terminated wi: hi 
double ventricular extrastimuli, and 6 required. burst: 81 
of rapid ventricular pacing. E 


) 


Right versus left ventricular stimulation: Fac! ors | 
affecting the ability of programmed stimulation t 
terminate the tachycardia included the site of meli 
lation, the electrophysiologic properties of the intera i 
vening tissue, the size of the reentrant circuit and tl 
rate of the tachycardia. As found by Wellens et al 
stimulation could more easily or was more likely t: 
terminate an arrhythmia at some sites than at others 
(Fig. 7). Because all 27 episodes of tachycardia cud ted 
terminated with right ventricular stimulation, pret : 
lation from the left ventricle was not performed inall |. 
patients. However, in the 14 patients in whom it was ] 
performed, the tachycardia could be terminated with | 
a single ventricular extrastimulus in 7 patients and with |. 
double ventricular extrastimuli in the remaining 7 pa- | F 
tients; nevertheless, the tachycardia in these 14 patients 
tended to be more rapid than in the group as a whole. 
The effects of right or left ventricular stimulation may _ 
have important implications when one is choosing be- - 
tween endocardial and epicardial pacemakers. The 4 
ability of atrial pacing to terminate the arrhythmia Wa 
also assessed in 12 patients, and the technique was un- | | 
successful in 11. V E 


M 


Choosing types of long-term pacing thoriad 
When applying the results of programmed stimulation 
to the choice of types of long-term pacing therapy, the 4 
most obvious generalization apparent in our patients 
was that slow tachycardias were more likely to be ter- _ 
minated with single ventricular extrastimuli, especially - 
when they arose ipsilateral to the pacing site, whereas — 
more rapid tachycardias (rate greater than 175 beats/ | 
min) uniformly required double ventricular extrastimuli | 
or bursts of rapid pacing. ‘I'he group with a slow | 
tachycardia in whom single ventricular extrastimuli _ 
could terminate the arrhythmia could successfully — 
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rO for demand) to terminate arrhythmia. This was accom- 
A plished i in two patients (Fig. 8). In patients with rapid 
rates who require double ventricular extrastimuli or 
P" ap id pacing for termination of the arrhythmia, the only 
- Eun pent. available pacing modality is a burst of rapid 
right ventricular pacing.” We utilized this form of 
m erapy in only one patient (Fig. 9). Because accelera- 
. tion of the tachycardia is not uncommon with these 
techniques, we believe that the pacemaker should be 
"triggered only by a physician with defibrillator equip- 
Er available in such patients. As noted by Wellens et 
°° drugs that can slow the tachycardia (that is, group 
ET agents) can change a tachycardia requiring double 
f shed extrastimuli for termination to one in which 
X single random ventricular extrastimulus can terminate 
the. arrhythmia. In such a patient a combination of 
























drugs plus ndm “underdrive” pacing c can 1 be an ac- 
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FIGURE 8. Underdrive pacemaker therapy for ventricular 
tachycardia. During the electrophysiologic study (A), a 
single, appropriately timed ventricular extrastimulus (S, 


2]; LAS DU ERU ET arrow) reproducibly terminated ventricular tachycardia. 
Nu E EFE M E HBE = His bundle electrogram; HRA = high right atrial 

rh A MA At! Pa ob T. RS REPE Re Eis ED electrogram; 1 = electrocardiographic lead |; RV = right 
eee A ppi f= Es. ENA ventricular electrogram; T = time lines. B, a ventricular 

Ee RTS CHIE ES ea TRE Tu demand pacemaker was triggered by the same patient 


to interrupt spontaneous ventricular tachycardia as a 
random stimulus fell at the appropriate interval shown in 
A. 


FIGURE 9. Termination of ventricular 
tachycardia with a burst of rapid ven- 
tricular pacing. During the electro- 
physiologic study (A), ventricular - 
tachycardia (cycle length 300 msec) 
with a left ventricular origin required a 
burst of rapid ventricular pacing (cycle 
length 200 msec) for termination. AVJ 
= atrioventricular junction; RVA = right 
ventricular apex; RVOT = right ven- 
tricular outflow tract; V-sep = ven- 
tricular septum. In B, bursts of rapid 
pacing from the right ventricle triggered 
by the physician in the emergency 
room terminated clinical ventricular 
tachycardia. 


ceptable form of therapy. One patient in our series (Fig. 
6) was treated with a combination of quinidine and a 
pacemaker. Therefore, successful pacemaker therapy 
for long-term termination of ventricular tachycardia 
was used in four patients in whom long-term pharma- 
cologic regimens could not be devised to prevent re- 
currences. 

Patients who require cardioversion because their 
clinical status has deteriorated or they cannot com- 
prehend methods of pacemaker termination are not 
candidates for long-term pacemaker therapy. With this 
group of patients, if drug therapy does not work, surgery 
should be considered. 


Evaluation of Surgical Therapy . 
The surgical approach to the therapy of medically 


-= resistant ventricular tachycardia has evolved consid- 
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erably over the past 10 years. The interventions most 
commonly used include ventricular aneurysmectomy 
and coronary bypass grafting, both of which have met 
with variable success, and in many instances have been 
accompanied by high surgical mortality rates.°°-° A 
major reason for this lack of success has been the failure 
to localize the site of origin of the arrhythmia preoper- 
atively to either the aneurysm to be resected or to the 
area of the myocardium to which the coronary bypass 
graft is to be placed. Although intraoperative epicardial 
mapping has recently been used as a surgical guide to 
localize more accurately the site of origin of the ar- 
rhythmia, limitations of this technique have recently 
been reported.” Studies both in human beings?? and 
in animals?? have shown that the site of origin of the 
tachycardia may be distant from the site of epicardial 
breakthrough. To circumvent these complicating factors 
we use ventricular endocardial mapping preoperatively. 
This procedure can establish a rational basis for surgery 
as well as identify particularly difficult surgical candi- 
dates, such as patients whose ventricular tachycardia 
either arises from within the interventricular septum 
or uses the interventricular septum as a route of myo- 
cardial excitation. 

Methodology of endocardial mapping: Multiple 
standard electrode catheters (1 cm interelectrode dis- 
tance) are introduced either percutaneously or by cut- 
down and positioned in the atrioventricular junction at 
the point where the His bundle electrogram is recorded, 
in the right ventricular apex and in the coronary sinus. 
In addition, catheters are positioned in the right and left 
ventricles for mapping. Once the tachycardia is initiated 
with programmed stimulation, the mapping catheters 
in both ventricles are used as exploring electrodes to 
map their respective chambers. The catheters at the 
atrioventricular junction, right ventricular apex, and 
coronary sinus are not moved and are utilized as refer- 
ence sites for measurement. The sites that are mapped 
are listed in Table I. If an aneurysm is present we at- 
tempt to map one to three sites within that aneurysm. 
The positions are verified with fluoroscopy in multiple 


FIGURE 10. Localization of the site 
of origin by demonstration of con- 
tinuous activity. The panel is ar- 
ranged from top to bottom as elec- 
trocardiographic leads | (1), aVF and 
V, and intracardiac electrograms V 

from the coronary sinus (CS), l 
atrioventricular junction (AVJ), right V 
ventricular apex (RVA) and a left 
ventricular apical aneurysm (LV- aw 
An). T = time lines at intervals of 
100 msec. Fragmented low ampli- 
tude continuous activity (arrows) 
present in the aneurysm is consis- 
tent with recording of an area of 
reentry—that is, the origin of the 
tachycardia. The vertical line marks 
the onset of the QRS complex, and 
the activation times at the coronary 
sinus, atrioventricular junction and T 
right ventricular apex are listed. 
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TABLE | 
Endocardial Mapping Sites 





Right Ventricle Left Ventricle 
A-V junction Apex 
Apex Low septum 
Mid septum Mid septum 
Outflow tract High septum 
Lateral inflow tract Anterior wall 
Anterior wall High lateral wall 


Low lateral wall 
Posterobasal (CS) 
Inferior 


A-V = atrioventricular; CS = coronary sinus. 


planes. Although such mapping cannot localize the site - 
of origin to a discrete point, it can localize the site of — 
origin of the tachycardia to a segment of the heart that 
has relevance to the operation being contemplated, that — 
is, the origin of the tachycardia can be localized within . d 
an aneurysm or to within an area supplied by a coronat 
artery that is to be grafted. 
The site of origin is determined by locating the ear- a 
liest recorded discrete or fragmented ventricular 
electrogram. The presence of diastolic fragmented ac- 
tivity strongly suggests that a part of the reentrant | 
circuit is being recorded." However, it is not always 
possible to record diastolic activity because this depends — 
on the spatial arrangement of the catheter and the : - 
reentrant circuit. Although continuous electrical ac- — 
tivity throughout the cardiac cycle can occasionally be — 
recorded, more often only part of the reentrant circuit 
can be recorded and nonholodiastolic activity is noted. — a 
The ability of catheter mapping to localize the tachy- E 
cardia to a left ventricular aneurysm was verified in — 3 E 
seven patients in whom intraoperative epicardial and 
endocardial mapping confirmed the site of origin to be 
within the aneurysm. 1 
Relation of site of origin to QRS configuration of - 3 
ventricular tachycardia: We analyzed the site of or- 
igin of 39 morphologically distinct episodes of ventric- - | 
ular tachycardia in 25 patients including 14 patients | | 
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— FIGURE 11. Ventricular tachycardia with a left bundle branch block 
. configuration arising in a left ventricular aneurysm. The panel is ar- 
A ranged from top to bottom as electrocardiographic leads Il and V , and 
if electrograms from the high right atrium (HRA), atrioventricular junction 
(AVI), right ventricular (RV) septum and inferior left ventricular aneurysm 
| (LV-An). T = time lines. Despite the left bundle branch block pattern 
4 _of the ventricular tachycardia, the site of origin was in the left ventricular 

- aneurysm. Ventricular activation at the right ventricular septum and 
i . atrioventricular junction occurred, respectively, 32 and 50 msec later 
than in the aneurysm (dotted vertical line). 
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m who had patterns of both right and left bundle branch 
- block during the tachycardia. There were 20 episodes 
E of ventricular tachycardia with a right bundle branch 
| block pattern and 19 with a left bundle branch block 
pern: Seventeen episodes of tachycardia with a right 
- bundle branch block pattern originated within the left 
- ventricle including 14 that were localized to a left ven- 
tricular aneurysm. In 5 of these 14, continuous frag- 
— mented activity was recorded from within the aneurysm 
paring the tachycardia (Fig. 10) thus supporting a 
— reentrant mechanism. In 8 of the remaining 12 episodes 
ie of ventricular tachycardias with a right bundle branch 

- block configuration (including 6 localized to an aneu- 
4 rysm), nonholodiastolic activity was observed, 
Un suggesting that a part of the reentrant circuit was being 
- recorded. In three patients with ventricular tachycardia 
and a right bundle branch block pattern the tachycardia 
originated in the interventricular septum. Fourteen 
p of ventricular tachycardia with a left bundle 
- branch block configuration, all in patients with a ven- 
tricular aneurysm involving the septum, had sites of 
3 origin within a left ventricular aneurysm (Fig. 11). Of 

the remaining episodes of tachycardia with a left bundle 
- branch block configuration, two arose from the septum, 
E and three, all in patients without heart disease, arose 
from the right ventricle.’ 

In the patients with multiple patterns aascciated with 
_ tachycardia we observed spontaneous or stimulation- 
- induced changes from one to the other. In all patients 
- with ventricular tachycardia with both right and left 
bundle branch block patterns and ventricular aneu- 
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FIGURE 12. Pleomorphic ventricular tachycardia originating from a left 
ventricular aneurysm. Panels A and B demonstrate ventricular tachy- 
cardia with a left (panel A) and right (pane! B) bundle branch block 
pattern in the same patient. Both panels are arranged from top to bottom 
as electrocardiographic lead V , and electrograms from the atrioven- 
tricular junction (AVJ), right ventricular apex (RVA), coronary sinus (CS) 
and left ventricular apical aneurysm (LVA). Both morphologic forms 
arose from the aneurysm and had identical cycle lengths of 250 
msec. 


rysm, both morphologic forms had their origin in the left 
ventricular aneurysm (Fig. 12). Although the rate of 
each morphologic tvpe could differ, slight movement of 
the catheter always recorded an early diastolic site 
within the aneurysm. Intraoperative epicardial and 
endocardial mapping confirmed the site of origin of 
multiform ventricular tachycardia to be within the 
aneurysm in seven patients who underwent aneurys- 
mectomy. | 

Surgical implications: The ability to localize a 
ventricular tachycardia to a left ventricular aneurysm 
provides the rationale for aneurysmectomy. Pleomor- 
phism (ventricular tachyeardia with right and left 
bundle branch configurations) suggests that the aneu- 
rysm involves the septum, which functions as a route of 
exit of the tachycardia to the epicardial surface of both 
ventricles. Thus the presence of such pleomorphism 
necessitates the removal of part of the septum in order 
to extirpate successfully an exit site or integral com- 
ponent of the reentrant circuit, or both. Finally, the 
localization of a tachycardia to the interventricular | 
septum makes surgical cure of the arrhythmia extremely ' 





difficult. Special surgical techniques, including endo- 
cardial excision or encircling ventriculotomy, have been 
developed to manage this problem.?* 

In our series of 34 patients, 10 could not be treated 
successfully with pharmacologic or pacemaker tech- 
niques. All subsequently underwent left ventricular 
aneurysmectomy with endocardial excision of the site 
of origin of the tachycardia as determined from intra- 
operative epicardial and endocardial mapping. Eight 
patients survived and underwent electrophysiologic 
study before discharge. In no patient could ventricular 
tachycardia be induced. No patient subsequently had 
a recurrence of sustained ventricular tachycardia. 


Complications and Limitations 


'The most frequent complication of our study protocol 
was local minor vascular problems, such as superficial 
phlebitis. Arterial complications requiring reexploration 
and secondary repair occurred in three patients. In 
seven patients ventricular tachycardia could not be 
terminated with programmed stimulation and car- 
dioversion was required. No cardiovascular or neuro- 
logic complications occurred as a result of frequent in- 
duction of ventricular tachycardia during the serial drug 
studies. No embolic complications were noted despite 
left ventricular catheterization in 25 patients including 
16 with a ventricular aneurysm. 


'This protocol is applicable only to patients in whom | 


ventricular tachycardia can be initiated and terminated 
with electrical stimulation or isoproterenol infusion. If 
ventricular tachycardia cannot be reproducibly initiated 
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_ular tachycardia is relatively slow (less than 175/min), — 



























and terminated, the choice of therapy must be empiric, a 
based on results in spontaneous episodes. m 

It must be emphasized that this electrophysiologic ^ 
approach requires the use of sophisticated equipment - 
and highly specialized personnel. It should therefore be 
performed only at specialized referral centers. 


Perspective 


The selection of an antiarrhythmic agent for the — 
therapy of recurrent sustained ventricular tachycardia — 
has heretofore been based on trial and error. Although E 
the majority (32) of our patients were referred for study - 
when ventricular tachycardia recurred after empiric | 
trials of one to six drugs, we believe there is a place for ' | 
an empiric trial in some patients. If the rate of ventric- - 


well tolerated by the patient without angina, ade | 
symptoms or other incapacitating symptoms, and the 


arrhythmia is stable for several hours, an empiric trial — 
of one drug could be attempted because failure would | 
not have dire consequences. On the other hand, when - 4 
the tachycardia poses significant risks (such as rapid | E 
degeneration to ventricular fibrillation or uncon- 
sciousness), we believe that this electrophysiologic api b. 
proach should be instituted initially. P , 
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The efforts of Mauricio Rosenbaum and his co-workers in putting together 
the anatomic and electrocardiographic correlations that led to the de-  - 
velopment of the concept of trifascicular intraventricular conduction have — - 
had a major impact on electrocardiography. Perhaps the greatest testi- — 
mony to their contributions is the large number of related publications by . 
many authors since the printing of Los Hemibloqueos more than 10 years  — 
ago. CH 


The development of the concept of hemiblocks and trifascicular blockii D 
is one of the most interesting events in the modern history of cardiology. . » 
Although there were many contributors to this exciting story, it was 
Mauricio Rosenbaum and his colleagues Marcello Elizari and J ulio 
Lazzari who put together the experimental and clinical data that led gi 
the creation of this concept.! 

The term hemiblock stems from the presumed anatomy of the left "d 
ventricular conduction system. The left bundle is considered to bifurcate a 
shortly after its origin into two subdivisions. These are directed toward _ 
the bases of the anterior and posterior papillary muscles of the left — 
ventricle. Rosenbaum and his colleagues considered that a block inthe | 
anterior division resulted in delay to the anterior half of the left ventricle — | 
and block in the posterior division resulted in delay to the posterior half — 
of the left ventricle. Consequently, the terms left anterior hemiblock and - 2 
left posterior hemiblock were adopted.” 3 

The concept of trifascicular block also relates to the nature of thein- - 
traventricular conduction system. The right bundle, unlike the left  : 
bundle, does not divide until it reaches the anterior papillary muscle. _ 
Rosenbaum and his co-workers? assumed that the intraventricular | 
conduction system is trifascicular in nature and that the three main - jy 
terminal fascicles of this system are the right bundle and the two divis g ¥ 
sions of the left bundle. Accordingly, block in any of the three fascicles 
is associated with characteristic changes i in ventricular activation, which | 
in turn are expressed as changes i in the QRS configuration. Block in two | 
of the three fascicles could give rise to right bundle branch block plus Y 
left anterior hemiblock, right bundle branch block plus left posterior 
hemiblock or divisional left bundle branch block. Complete interruption 
of these fascicles will result in complete heart block. Intermittent in- . 
terruption in one, two or all three fascicles results in a group of electro- —— 
cardiographic syndromes characterized by several different patterns of — - 
ventricular activation, associated with various degrees of atrioventricular — . 


block. These syndromes are grouped under the name trifascicular _ 
block.” M 


Early Background 


In 1909, Eppinger and Rothberger* injected silver nitrate into canine 5 à 
ventricular muscle. Injection into the interventricular septum, unlike © 
injection into the free ventricular wall, produced marked electrocar- - ^3 
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diographic changes that they believed were due to injury 


of the major branches of the conduction system.” Ep- 


_ pinger and Stoerk® in 1910 reported on clinical cases 


with electrocardiographic abnormalities similar to those 
produced experimentally. 

In 1917 Rothberger and Winterberg” reported on a 
remarkable study of experimentally induced intra- 


= ventricular conduction disturbances. They observed 


electrocardiographic changes in an ano-esophageal lead 


and lead I after cutting canine left anterior and left 


. posterior conduction fibers. The anterior cuts reduced 
. the R waves and deepened the S waves in the ano- 
— esophageal lead; in contrast, posterior cuts increased the 


R waves and reduced the S waves. They also demon- 
strated the effect of interruption of the main stem left 


- bundle and right bundle as well as the effect of com- 
— bined interruption of the right and portions of the left 
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bundle. 

Their study, a pioneering effort to elucidate periph- 
eral conduction defects, was many years ahead of its 
time. It took approximately 50 years and many inves- 

tigators and technical and methodologic developments 


.as well as the creation of new concepts before the 


- present level of understanding was reached. During 


these early years there was a confusion in nomenclature 


in which the electrocardiographic pattern of right 
- bundle branch block was called left bundle branch block 
. and vice versa.? Wilson and co-workers? finally identified 


the complexes associated with complete left and right 
bundle branch block. 


There was also serious doubt about the existence of 


3 electrocardiographic changes due to conduction defects. 


1 


In 1917 Oppenheimer and Rothschild!” reported a series 
of cases that they believed demonstrated QRS abnor- 
malities due to defects in the finer branches of the 
ventricular conduction system. They used the term 
arborization block to describe the disturbance. Com- 


= menting on arborization block, Wilson and Herr- 


v 
F 


 mann!! indicated that there was no evidence that ex- 

perimental lesions in the larger subdivisions of the 
- branches of the His bundle produced more than minor 
changes in the electrocardiogram. 


E Wilson and co-workers believed that delayed con- 


duction of the irapulse through the branches of the His 


bundle produced ventricular complexes that were 
à transitional between the normal form and the com- 


_ plexes characteristic of complete bundle branch block. 


They referred to these complexes as incomplete bundle 
- branch block. In the ensuing years articles by the group 
» made some references to lesions involving the subdivi- 
- sions of the left bundle,!?.!? and in 1934, they gave se- 
rious consideration to the possibility that deep S waves 


. in leads II and III were due to a lesion of the anterior 


division of the left bundle branch.!* 


Recent Background 


In 1950 Grant!» began his classic work in the field of 
intraventricular conduction defects. He considered that 


— the left bundle divided into two principal subbranches, 


and that blocks could occur independently in one or the 
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other of these branches and create some unusual elec- 
trocardiographic patterns. Grant and Murray'® reported 
on cases of myocardial infarction accompanied by left 
axis deviation with little or no prolongation of the QRS 
interval. They attributed their findings to an infarction 
large enough to involve a portion of the anterior con- 
duction network resulting in the spread of excitation by 
way of the posterior pathway. They termed this condi- 
tion periinfarction block. Grant considered periin- 
farction block an example of a new family of ventricular | 
conduction defects that have little or no prolongation 
of the QRS interval. Two types of periinfarction block 
were clinically predominant, anterior and diaphrag- 
matic.!* 

In the early experiments in which the intraventricular 
conduction system was interrupted, positive identifi- 
cation of the peripheral branches of the conduction 
system was not possible. Although one could surmise 
the location of the pathway that existed it was only after 
the introduction of gross staining techniques that the 
investigator could be absolutely certain where his le- 
sions were placed. The detailed anatomy of the pe- 
ripheral conduction system of the dog was described by 
Uhley and Rivkin!? in 1960. Lugol's solution was used 
to stain the endocardial surface of the heart, and it was 
clear that the right bundle continued along the right 
septum until it reached the anterior papillary muscle, 
whereupon it divided into peripheral branches. The left 
bundle, in sharp distinction, separated from its predi- 
visional portion into its various peripheral fascicles high 
on the left ventricular septum. An extensive network of 
ramifying fibers could easily be recognized on the septal 
surface as well as distinct projections to the respective 
anterior and posterior papillary muscles. Thus it was 
possible to initiate experiments and verify the exact 
locus of an interruption and observe its electrocardio- 
graphic effect. 

Uhley and Rivkin, using cardiopulmonary bypass to 
facilitate direct observation, described the effect of in- 
terruption of the peripheral branches of the right ven- 
tricular conduction system in 1981!? and of the left 
ventricular conduction system in 1964.?? These studies 
on the left side demonstrated that interruption of the 
anterior branch resulted in a superior orientation of the 
terminal forces and interruption of the posterior branch 
resulted in their inferior orientation. There was minimal 
change in QRS duration with anterior interruption and 
a slight lengthening of the QRS interval with posterior 
interruption. 

In 1965 Watt and his colleagues?! described electro- 
cardiographic findings associated with experimental 
arborization block in dogs. By means of a sawing ligature 
technique, portions of the septum were lacerated and 
the electrocardiographic alterations were noted. Small 
but definite changes in the QRS axis distinguished in- 
terruption of the anterior from that of the posterior fi- 
bers. In subsequent similar studies,” the changes noted 
were more striking in the baboon heart than in the ca- 
nine heart. In further experiments, Watt and Pruitt?” 
produced combined right- and left-sided lesions and 
observed the electrocardiographic effects. 
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Contribution of Rosenbaum and Colleagues 


The interest of Rosenbaum and his co-workers in 
intraventricular conduction disturbances heightened 
when they examined a patient with anterior myocardial 
infarction, right bundle branch block and a QRS axis 
of —75?.!? Several weeks later the patient demonstrated 
right bundle branch block with a QRS axis of +110°. 
The two types of QRS axes alternated with each other; 
however, the right bundle branch block was a constant 
finding. It appeared that there were two different 
pathways that could be followed. It was reasoned that 
the particular electrocardiographic pattern indicated 
the presence of a right bundle branch block pattern with 
a block of one or the other division of the left bundle. 

Rosenbaum and his colleagues continued their 
studies with experimental production of various pe- 
ripheral conduction defects in the canine heart. They 
produced left anterior hemiblock, left posterior hemi- 
block, right bundle branch block with left anterior 
hemiblock, right bundle branch block with left posterior 
hemiblock, divisional left bundle branch block and 
trifascicular block. 


Ramifications of the Trifascicular Concept 


Subsequently, other facets of the concept of the tri- 
fascicular intraventricular conduction began to 
evolve.'? It became apparent that the combination of 
right bundle branch block with left anterior hemiblock 
was common in cardiomyopathy and coronary artery 
disease. Right bundle branch block with left posterior 
hemiblock was seen less frequently. Rosenbaum and his 
colleagues then further defined the features of isolated 
left anterior hemiblock and left posterior hemiblock, 
and thus subsequently recognized the features of in- 
termittent left anterior hemiblock. Noting that left 
posterior hemiblock was much less common than left 
anterior hemiblock, they pointed out that the posterior 
division of the left bundle was the least vulnerable 
portion of the intraventricular conduction system. 

Rosenbaum et al. continued their studies of intra- 
ventricular conduction by addressing the problem of 
aberrancy in supraventricular premature complexes. 
Aberrancy secondary to prematurity resulted in phys- 
iologic right bundle branch block and less often in 
physiologic left bundle branch block. In addition, ab- 
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errancy was frequently associated with left anterior 
hemiblock and less commonly with left posterior hem- 
iblock. Rosenbaum and his co-workers speculated on 
the possible role of the pathways of the peripheral 
conduction system in the development of bidirectional 
tachycardias and in the genesis of narrow ventricular 
ectopic complexes. The hemiblock concept also pro- 
vided a basis for consideration of a divisional type of left 
bundle branch block as well as some unusual features 
of the myocardial infarction pattern, wherein hemi- 
blocks may simulate or conceal the characteristic pat- 
tern of an infarction. Recently they elucidated the role 
of phase 3 and phase 4 block in various areas of elec- 
trocardiography.?4 


Influence on Contemporary Cardiology 


Rosenbaum and his colleagues consolidated their 
basic thoughts on peripheral conduction disturbances 
in the publication in 1968 of their 700 page book, Los 
Hemibloqueos, and 2 years later published an English 
version called The Hemiblocks.? 

Without detracting from the importance of the 
original contribution, some investigators?926 have 
questioned various aspects of the basic hemiblock 
concept. It has been demonstrated that a network of 
septal fibers exists between the left anterior and pos- 
terior divisions,?^?? which in turn has physiologic im- 
plications in the activation of the heart and the occur- 
rence of various types of peripheral conduction de- 
fects.?9 

The concept of trifascicular conduction has had a 
major effect on the contemporary practice of cardiology, 
influencing the work of clinicians, researchers and 
students. The anatomists began to reinvestigate the 
details of the atrioventricular and intraventricular 
conduction systems.?0-?4 Pathologists gained renewed 
interest in clinical correlations.?»-?? Electrophysiologists 


were stimulated to investigate the electrical activity of 3 


these specialized structures under various condi- 
tions.40! Students learned a new unified approach to 
atrioventricular and intraventricular conduction. Most 
important, clinicians gained insight into previously 
unexplained phenomena and were able to apply these 


new concepts to the daily interpretation of patients' sa 


electrocardiograms. 
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— . The interview excerpted here was 
conducted with Gerald S. Johnston, 
M.D., Chief of Nuclear Medicine, 
Clinical Center of the National 
Institutes of Health, Washington, D.C. 





Q. 


A. 


Dr. Johnston, what observations have come from 
N.I.H. work with multiple gated blood pool studies? 


The equilibrium method is a much more reliable test 
than the traditional ECG method. Patients with 
forms of aortic stenosis, whose resting ejection 
fractions are higher than normal, experience a drop in 
ejection fraction during exercise. Following correction 
of the stenotic lesion, the ejection fraction rises. With 
exercise there is an improvement in the ejection 
fraction of patients who have had coronary bypass 
surgery, indicating that patients can benefit from this 
operation. Studying patients with aortic insufficiency 
has provided some hope that the nuclear method may 
be helpful in selecting the optimal time for valvular 
replacement. 


. Comparing multiple gated studies with thallium 


studies, which in your opinion are easiest to interpret? 


They are both relatively easy to interpret once the 
Observer has had some experience with them. Because 
the thallium studies are stationary studies, the 
subtleties of a very minor lesion might escape you. 
Because the wall is moving in an equilibrium study, 
you should be able to pick up very subtle lesions. 
Therefore, either would be relatively easy to interpret, 
but probably the equilibrium study would be the 
easiest. 


. Which of the two studies yields the most diagnostic 


information? 


. The equilibrium study gives you more information. 


The thallium study will show a wall defect if there is 
an infarct or marked ischemia. However, deficiencies 
in coronary flow are a bit harder to pick up where 
myocardial function is still intact. When comparing a 
rest and exercise equilibrium study, slight 
abnormalities can be readily observed. 


. What particular advantages do nuclear cardiology 


studies have over other methods in the evaluation of 
heart disease? 


These procedures are less invasive and provide global 
and regional functional information. Contrast studies 
are more invasive. In addition, a significant amount 
of radiation is required for contrast studies so that 
repeating them is not taken lightly. Once the initial 


baseline nuclear cardiology information is obtained 
from a patient, one would then be in a position to 
follow the patient's status and see if he was improving 
as a result of treatment. This is one of the big 
advantages of these methods, particularly the 
equilibrium approach. 


. In your research, how do these tests correlate with 


cineangiography? 


. We find that the nuclear cardiology data correlates 


very well with coronary catheterization and contrast 
angiography data. The three dimensional nuclear data 
gives us an edge over contrast angiography's two- 
dimensional view. In all probability, nuclear 
cardiology studies will become the standard with 
which to judge contrast angiography. 


. As you look to the future, is nuclear cardiology going 


to become the primary diagnostic method in cardiac 
disorders? 


. When you are involved with nuclear cardiology, it 


seems like that may well be the case. A considerable 
amount of effort is going into simplifying the 
computerized aspects of nuclear cardiology as well as 
improving the detector devices. However, considering 
the large amount of information gained in exchange 
for the small dose of radiation that is involved in this 
method, I think that nuclear cardiology has the 
potential of being one of the primary methods used in 
cardiology. 


For the complete transcript of this interview with 
Dr.Johnston, write Inner-View, General Electric 
Company, Medical Systems Division, P.O. Box 414 
(Mail Code W-504), Milwaukee, WI 53201. 


General Electric Medical Systems, Milwaukee, 
Toronto, Madrid. 
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hydrochlorothiazide and failure to respond ine dusts 
ec -in grounding. Aircrewmen constitute a-special 
lion in whom alertness is important. While 
retic ‘antihypertensive medications should be 
` considered for the general hypertensive population 
unresponsive to thiazides, USAF determined that the 
demands placed on crew members of high-performance 
aircraft made these therapies inappropriate. Dosages 
used in this study were within the recommended levels of 
gt to 4 tablets daily. 
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The Lo state » that, in addition to assessing antihyper- 
tensive efficacy, the study was designed to detect drug 
side effects, such as orthostatic hypotension and seda- 
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clinical study of 32 USAF aircrewmen, the nani d 
whom had failed to respond adequately to previous theray y WA a 
Alicante diuretic, treatment with Aldactazide" (spironolactor 
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effects were observed, but these were mild ane trar 
in nature, or-not considered detrimental to th 3 
mance of flight duties. Both Hollifield? and Ne 
noted the relatively low incidence of side effects, i 
ing those caused by shifts in electrolyte balance. 


Limitations to consider. 


Spironolactone has been shown to be a tumorigen in 
chronic toxicity studies in rats. Thus, Aldactazide should 
be prescribed only when other measures are considered 
inadequate or inappropriate. Fixed-dose combination 
drugs are not indicated for initial therapy. (See boxed 
warning and Warnings section of Aldactazide prescribing 
information.) 


therapy when other measures are considered inadequate or inappropriate. 


Hull, D. H., and others: Treatment of 4 e dp in Aviators: A Clinical Trial with Aldactazide, Aviat. Space Environ. Med. 49:503-511 (March) 1978. 


4; 
: Hollifeld J. W.; Slaton, P. E., Jr., and Liddl 


e, G. W., Some Biochemical Consequences of Diuretic Therapy of Low Renin Essential Hypertension, in Sambhi, 
T P (Editor): Systemic Effects of Antihypertensive Agents, Miami, Symposia Specialists, Inc., 1976, pp. 
as 


131-149. 


vi eue Effect and Serum Potassium Homeostasis: Comparison of Hydrochlorothiazide and Spironolactone Alone and in Combination, 


J. Med, 8:367-377, 19 7 


*The authors suggest that the high success rate in this particular study may have been due to the relativemitdness ofthe patients’ hypertension and their concurrent 


. adoption of corrective physiological measures. 


Two subjects failed to achieve an adequate hypotensive response. Three other patients whose blood pressure control was good showed various ECG abnormalities 


- on treadmill exercise, both before and after therapy. 


. Before prescribing, please consult complete prescribing information, a brief summary of which appears on the next page. 
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Aldactazide 


(spironolactone 25 mg./ 
 hydrochlorothiazide 25 mg.) 


e WARNING 
| Spironolactone, an ingredient of Aldactazide, has been shown to be a tumorigen in 
| chronic toxicity studies in rats (see Warnings). Aldactazide should be used only in 
| those conditions described in the /ndications section of the complete prescribing infor- 
| mation. Unnecessary use of this drug should be avoided. 
| Fixed-dose combination drugs are not indicated for initial therapy of edema or hyper 
tension. Edema or hypertension requires therapy titrated to the individual patient. If the 
| fixed combination represents the dosage so determined, its use may be more conven- 
| ient in patient management. The treatment of hypertension and edma is not static, but 
must be reevaluated as conditions in each patient warrant. 





Contraindications: Anuria, acute renal insufficiency, significant impairment of renal 
function, hyperkalemia or acute or severe hepatic failure. Allergy to thiazide diuretics or 
to other sulfonamide-derived drugs. 

- Warnings: Excessive potassium intake may cause hyperkalemia. Potassium supple- 
ments should not be given with Aldactazide. Do not administer concurrently with other 
potassium-sparing diuretics. Sulfonamide derivatives including thiazides have been 
reported to exacerbate or activate systemic lupus erythematosus. 

__ Spironolactone has been shown to be a tumorigen in chronic toxicity studies in rats. In 
one study using 25, 75 and 250 times the usual daily human dose (2 mg. /kg.) there 
was a statistically significan! dose-related increase in benign adenomas of the thyroid 
and testes. In female rats there was a statistically significan! increase in malignant 
“mammary tumors at the mid-dose only. In male rats there was a dose-related increase 
- in proliferative changes in the liver. A! the highest dosage level (500 mg. /kg.) the range 
of effects included hepatocytomegaly, hyperplastic nodules and hepatocellular car- 
cinoma; the last was not statistically significant. 

Precautions: Patients should be carefully evaluated for possible disturbances of fluid 
and electrolyte balance. Hyperkalemia may occur in patients with impaired renal func- 
lion or excessive potassium intake and can cause cardiac irregularities which may be 

fatal. Hypokalemio may develop as a result of profound diuresis, particularly when 
Aldactazide is used concomitantly with loop diuretics, glucocorticoids or ACTH. Transient 
elevation of BUN may occur Dilutional hyponatremia or rarely low-salt syndrome may 
develop. Gynecomastia may develop and in rare instances some breast enlargement 
may persist 
- Thiazides may alter the metabolism of uric acid and carbohydrates with possible 
hyperuricemia, gout and decreased glucose tolerance. Vascular responsiveness to 
norepinephrine is reduced. Thiazides may also increase the responsiveness to tubo- 
curarine. Thiazides may decrease serum PBI levels and prolonged therapy may induce 
hypercalcemia and hypophosphatemia. 

Spironolactone may and hydrochlorothiozide does cross the placental barrier. Use in 
- pregnant women requires that the anticipated benefit be weighed agains! possible hoz- 
_ ards to the fetus. Breast feeding should be discontinued when Aldactazide is being used. 

Adverse Reactions: 

— Associated with spironolactone: Gynecomastia is observed not infrequently. Gas- 
_frointestinal symptoms including cramping and diarrhea, drowsiness, lethargy, head- 
ache, maculopapular or erythematous cutaneous eruptions, urticaria, mental confusion, 
- drug fever, ataxia, inability to achieve or maintain erection, irregular menses or amenor- 
- rhea, postmenopausal bleeding, hirsutism and deepening of the voice. Carcinoma of the 
- breast has been reported but a cause-and-effect relationship has not been established 
__ Associated with thiazides: Gastrointestinal symptoms (anorexia, nausea, vomiting, 
diarrhea, abdominal cramps), purpura, thrombocytopenia, leukopenia, agranulocy- 
tosis, dermatologic symptoms (cutaneous eruptions, pruritus, erythema multiforme), 
_ paresthesia, acute pancreatitis, jaundice, dizziness, vertigo, headache, xanthopsia, 
_ photosensitivity, necrotizing angiitis, aplastic anemia, orthostatic hypotension, muscle 
_ spasm, weakness and restlessness 
-. Adverse reactions are usually reversible upon discontinuation of Aldactazide 
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F SEARLE San Juan, Puerto Rico 00936 


Address medical inquiries to: 
G. D. Searle & Co. 


Medical Communications Department 
Box 5110 


Chicago, Illinois 60680 818-1 









FREE Catalog 


Your source of 4-way relief 
from problems with minicomputer 
supplies and accessories: 







Presb Menite reed aat ^s 





V 


. linicomputer ¢ 
Accessories = = 





1. One-stop shopping 

Minicomputer Accessories 64-page catalog has 
over 800 products. Magnetic media. Storage 
racks. Line-printer paper. Computer-room 
furniture. Plus cables and connectors that 
are Standard or custom-built in-house by our 
Cable Assembly Division. Buy any quantity 
you need, whenever you neec it. 


2. Hassle-free ordering 
Minicomputer Accessories lets you order by 
mail or by phone. Keep the catalog close... 
in your desk drawer or on the shelf. It can 
make those once-tough tasks like ordering 
media easy, fast and virtually foolproof. 


3. Lightning-fast shipment 

Minicomputer Accessories ships your order 
within 24-hours from distribution centers 
in California and New Jersey. Our shelves 
are loaded with emergency items (and 90% 
of our other stock) so yours dont have 
to be. Need your order there faster than 
3 to 4 days? We'll arrange for special 
services to get it there the next day. 


4. Field-proven quality 
Minicomputer Accessories demands stringent 
testing and a star performance before any 
product is included in our free catalog. 
Thats why we have the kind of confidence 
it takes to guarantee every product for at 
least 45 days, and some for up to 10 years. 


Send for your FREE CATALOG. 
Its your problem-solver from 
Minicomputer Accessories Corporation. 


ENNINEBSENHNEUFOHNRFHENNNMBHEKENENHNHEN TEENS 
Minicomputerf 130 S. Wolfe Road 
Dept. 913 
Sunnyvale, CA 94086 
(408) 737-8700 


Accessories oem 




















Name. =e _ Title 

Company. : r ‘ . Phone 

Address _ $ Ed nC ETR PENET 
Cite iL Ju EA ______ State. CREF yf 











Medical Authors 








7 / 
«c f 





Information to Authors will save hours of valuable look-up and research 
time. plus help you avoid costly errors in manuscript preparation. In this 
one volume you will find everything you need to know about writing for 
publication including: 

/ subject index to quickly identify publications in your field of interest 
| editors with specialty so manuscripts can be personally directed 
How to be members of editorial board with credentials j 
- scope and editorial policy of publication 
professional « sponsoring societies 
sources for standard nomenclature 


about z basic style guides 


rules for preparation of illustrations. tables. graphs 
acceptable format 

guide to footnote and reference usage 

address for manuscripts 


/ i ; number of copies of manuscript 
being published 


If you or members of your staff write. submit or review papers for If you are now writing—or planning to write—send for your copy of 
medical journals you will wonder how you ever did without this handy — /nformation to Authors right away. It will make writing for publication a 
guide. Here. in one place. is all the information you need to select the much easier process. 
publications most likely to publish your paper as well as their require- Use the convenient order form below. Enclose your check. please. as 


ments for accepting manuscripts. 


Compiled by 
Harriet R. Meiss 
and Doris A. Jaeger 
of the Levy Library. 
Mount Sinai 

School of Medicine 
of the 

City University 

of New York/ 

328 pages. 


no order will be processed unless accompanied by payment. 





AJC 3/79 


Information to Authors 

Levy Library, Mount Sinai School of Medicine 

Fifth Avenue and 10Cth Street, New York, New York 10029 

Please send me postage paid —— copy(ies) of your Information to Authors. | enclose payment. $13.50* per copy, 


domestic and $15.00 per copy, foreign. (Please make checks payable to "MSSM—Information to Authors. `’) 
Name 


Address . ET 


City J , ME L2 Ec pes AD CDL ELS E 
*New York State residents please add applicable sales taxes. 
































DIRECTOR 


CARDIAC PHYSIOLOGY LABORATORY 


ABIM / Board certified in cardiology, skilled in invasive and non-invasive 
procedures, five year's experience in medical and administrative direction 
of a cardiology department. Progressive 500 bed general acute card spe- 
cialty medical center with medical school affiliation. Plans to establish 
a complete heart center for northeast Florida and southeast Georgia are 
now being developed. Duties include patient care, general administrative 
and academic responsibilities. Qualified applicants should send resume 
indicating experience and references to: Mr. Robert E. McAloon, Direc- 
tor/ Employee Relations, P.O. Box 17388, Jacksonville, Florida 32216 


An Equal Opportunity Employer 


n p " — Aa T 
7 T3 Air a ws AA a Lm [^ P X. v 


t 


1.35 32 dade LE Lai acm S n ] < 


we 
- 


meng 
CET us 


> » 
pradal nh. J a adl oa 


An Endocardial Tined 
Ventricular Lead, 


The Medtronic” 6950 and 6951 unipolar and bipolar tined 
leads feature four integral silicone rubber tines that 
protrude from the lead body just proximal to the tip 

electrode. These tines were designed to provide better 
acute lead stability and reduce chronic lead 
dislodgement by latching onto the papillary musculature 
or the trabeculae of the right ventricle. The large 
surface area provided by the tines should also enhance 
the stability afforded by fibrosis. 


A Small, Durable 
Endocardial Tined Lead. 


The newest members of the Tenax ™ family of 
selfanchoring leads - the 6961 and 6968 unipolar and 
bipolar leads — feature shorter, smaller tines and 
small tip diameter (8 French; approximately 10 French 
with tines folded) enabling the physician to use the 
more common cephalic approach. Though small, the soft, 
pliable tines are still long enough to become securely 
anchored in one or more of the interstitial spaces 
formed by the trabeculae of the right ventricular 
chamber. The lead's ring-tipped electrode provides 
optimum energy to the heart with improved sensing and 
current drain characteristics. Its durable, 
space-wound multifiler conductor is designed to provide 
a Erro a fer yeas match yhe. ont a = effective 
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For further information on the Medtronic Tenax " 
lead family, contact your Medtronic, Inc. 
representative or write for a complete 
technical brochure. 


Medtronic, Inc. 
3055 Old Highway Eight, PO. Box 1453 
Minneapolis, Minnesota 55440  . 





New cardiac catheterization 
studies demonstrate 

prolonged changes for over 5 hours 
in cardiac hemodynamics with - 


PERITRATE 40-mg ORAL TABLET - 


(pentaerythritol tetranitrate) 


In a randomized double-blind study of catheterized patients with congestive 
heart failure, Peritrate 40 mg demonstrated marked changes in a variety of 
hemodynamic parameters with no change in heart rate.! 


A marked reduction in PRELOAD: Peritrate reduced pulmonary 

arterial wedge pressure for over 300 minutes. The maximum reduction was 37%. 
Pulmonary arterial mean pressure was also reduced for over 300 minutes. These 
manifestations of reduced PRELOAD resulted from an increase in venous 
capacitance leading fo a reduction in left ventricular end-diastolic volume and 
pressure. The observed reduction in pulmonary wedge pressure indicates marked 
preload reduction. 


Peritrate effects prolonged for 5 hours 


pu monary arterial wedge pressure (preload) . 
*Stati Stic ally s SQ nificant tat the 5% leyel .- 





A reduction in AFTERLOAD: A significant reduction of arterial blood pressure, correlating witt 


reduced AFTERLOAD, was maintained for over 300 minutes. ! 


. Reduction in blood pressure for 5 hours 


“Statistically significant at the 5% level. 


Peritrate actions observed Conclusions 


- Activity was prolonged for at least 5 hours. 1. The prolonged reduction in preload and 
- PRELOAD and AFTERLOAD showed a marked Oe ee pde 000 
reduction lasting at least 5 hours. . expended anc oxygen Consumed by The nea 
: This reduction in oxygen demand should 
1. Klein RC, Amsterdam EA, Pratt C, et al: Sustained reduction of elevated relieve or p revent angina. 
left ventricular filling pressure in cardiac failure by oral, long-acting nitrate i | ve "S 
therapy. Presented at The American Federation se Clinical Research, 2. Provides a smooth onset of action without 


San Francisco, Calif, April 29-May 1, 1978. | tachycardia. Unwanted effects are rare, and 
Please see following page for brief summary of prescribing information. patient compliance is excellent. 


PERIT s TE 40 mg 


. (pentaerythritol tetranitrate) 
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| ! Warner-Lambert Company, 
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Peritrate* SA 
Sustained Action 
(pentaerythritol tetranitrate: 80 mg 


Peritrate” 
(pentaerythritol tetranitrate: 40 mg 


Peritrate™ 
(pentaerythritol tetranitrate: 20 mg 


Peritrate^ 
(pentaerythritol tetranitrate: 10 mg 


CAUTION: Federal law prohibits dispensing without prescription. 
Description: Each tablet of Peritrate SA Sustained Action contains: 
pentaerythritol tetranitrate 80 mg (20 mg in immediate release 
layer and 60 mg in sustained release base). Each tablet of Peri- 
trate 40 mg contains pentaerythritol tetranitrate 40 mg. Each tab- 
let of Peritrate 20 mg contains pentaerythritol tetranitrate 20 mg. 
Each tablet of Peritrate 10 mg contains pentaerythritol tetranitrate 
10 mg. Peritrate (pentaerythritol tetranitrate) iS a nitric acid ester 
of a tetrahydric alcohol (pentaerythritol). 


Indications: Based on a review of this drug by the National 
Academy of Sciences—Naticnal Research Council and/or 
other information, FDA has classified the indications as 
follows. 

"Possibly ' effective: Peritrate (pentaerythritol tetrani- 


trate), is indicated for the relief of angina pectoris (pain 
associated with coronary artery disease). It is not intended 
to abort the acute anginal episode but it is widely regarded 
as useful in the prophylactic treatment of angina pectoris. 

Final classification of the less-than-effective indications 
requires further investigation 





Contraindications: Peritrate SA Sustained Action (pentaerythritol 
tetranitrate) 80 mg and Peritrate (pentaerythritol tetranitrate) are 
contraindicated in patients who have a history of sensitivity to the 
drug 
Warning: Data supporting the use of Peritrate (pentaerythritol tet- 
ranitrate) during the early days of the acute phase of myocardial 
infarction (the period during which clinical and laboratory findings 
are unstable) are insufficient to establish safety 
This drug can act as a physiologica! antagonist to norepi- 
nephrine, acetylcholine, histamine, and many other agents 
Precautions: Should be used with caution in patients who have 
glaucoma. Tolerance to this drug. and cross-tolerance to other 
nitrites and nitrates may occur. 
Adverse Reactions: Side effects reported to date have been predom- 
inantly related to rash (which requires discontinuation of medica- 
tion) and headache and gastrointestinal distress, which are 
usually mild and transient with continuation of medication. In 
some cases severe, persistent headaches may occur 
In addition, the following adverse reactions to nitrates such as 
pentaerythritol tetranitrate have been reported in the literature. 
(a) Cutaneous vasodilatation wath flushing 
(b) Transient episodes of dizziness and weakness. as well as 
other signs of cerebral ischemia associated with postural 
hypotension, may occasionally develop 
(c) An occasional individual exhibits marked sensitivity to the 
hypotensive effects of nitrite and severe responses (nausea. 
vomiting, weakness, restlessness. pallor, perspiration and 
collapse) can occur, even with the usual therapeutic doses. 
Alcohol may enhance this effect. 
Dosage: Peritrate (pentaerythritol tetranitrate) may be adminis- 
tered in individualized doses up to 160 mg a day. Dosage can be 
initiated at one 10 mg or 20 mg tablet q.i.d. and titrated upward to 
40 mg (two 20 mg tablets or one 40 mg tablet) q.i d. one-half hour 
before or one hour after meals and at bedtime. Alternatively, Peri- 
trate Sustained Action 80 mg can be administered on a convenient 
b.i.d. dosage schedule. 
Supplied: Peritrate SA Sustained Action (pentaerythritol tetrani- 
trate) 80 mg—double-layer, biconvex, dark green/light green tab- 
lets in bottles of 100 (N 0047-0004-51) and 1000 (N 0047-0004-60). 
Also unit dose, package of 10 x 10 strips (N 0047-0004-11) 
Peritrate (pentaerythritol tetramtrate) 40 mg—pink scored tab- 
lets in bottles of 100 (N 0047-0008-51). 
Peritrate (pentaerythritol tetranitrate) 20 mg—light green, 
scored tablets in bottles of 100 (N 0047-0001-51) and 1000 
(N 0047-0001-60). Also unit dose, package of 10 x 10 strips 
(N 0047-0001-11). 
Peritrate (pentaerythritol tetramirate) 10 mg—light green, 
unscored tablets in bottles of 100 (N 0047-0007-51) and 1000 
(N 0047-0007-60). 
STORE BETWEEN 59° and 86° F (15^ and 30° C]. 
Animal Pharmacology: In a series c! carefully designed studies in 
pigs, Peritrate (pentaerythritol tetranitrate) was administered for 
48 hours before an artifically induced occlusion of a major coro- 
nary artery and for seven days thereafter. The pigs were sacrificed 
at various intervals for periods up to six weeks. The result 
showed a significantly larger number 0! survivors in the drug- 
treated group. Damage to myocardial tissue in the drug-treated 
survivors was less extensive than in the untreated group. Studies 
in dogs subjected to oligemic shock through progressive bleeding 
have demonstrated that Peritrate ipentaerythritol tetranitrate) is 
vasoactive at the postarteriolar level, producing increased blood 
flow and better tissue perfusion. These animal experiments can- 
not be translated to the drugs actions in humans. 
Full information is available on request 
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Hypoglycemia ee 
2 = One of the 

Most Frequently * 
Overdiagnosed 


Diseases! 





Here at last 

is an objective study of 
essential reactive 
hypoglycemia . . . definition, 
recognition, pathology, 
etiology, and treatment. 


Editors: 

D. Andreani, MD, Prof. of Clinical Endocrinology. Univ. of Rome 
P. Lefèbvre, MD, Dept. of Medicine, University of Liège 

V. Marks, DM. Prof., Dept. of Biochemistry, Univ. of Surrey 





This European (Rome) Symposium was the first free inter- 
change of ideas among scientists in the various medical dis- 
ciplines—physiology. internal medicine, endocrinology, clin- 
ical biochemistry, etc.—necessary to the understanding, 
diagnosis and treatment of hypoglycemia. The concentration 
was on the various aspects of insulin-producing tumors and 
the vexed question of essential reactive hypoglycemia. Spe- 
cial attention was given to the widespread misinterpretation 
of laboratory data relating to the prolonged ora! glucose test 
which has resulted in the erroneous belief that ‘‘millions 
suffer from hypoglycemia.” 

Send for this fascinating publication on a 30 day free trial 
basis. Keep it only if more than pleased. 

HYPOGLYCEMIA has been carefully edited to simplify 
readability and comprehension. A brief summary allowing for 
quick review precedes each article. 


135 double-column pages, 126 illustrations, figures, 
tables, $23.00 








Yorke Medical Books AJC-3/7€ 
666 Fifth Avenue, New York, N.Y. 10019 


Please send me a copy of HYPOGLYCEMIA 
for 30 days' free examination and use at 


$23.00 (money back if you return book). 


NAME 

TOTO UWORABRPHINTE VÀ tke ee 
ADDRESS  . 
CITY STATE L MN ERIT 


O Full Payment enclosed, publisher absorbs shipping cost. 
(J Bill me, plus cost of shipping. 


In New York State add appropriate sales tax. 
Distribution in Europe, Africa and Asia— 


—Georg Thieme Publishers, Stuggart. 








Total-View 


patient monitoring 


DIAS 54 
MEAN 69 


SENSOR 






"x S * "I A 
SNL A ANO 203 WR 


ds ; 
ir 47 M oss dv 2 
2 2 eee 
A Nor Lach ux ? 
ra ho ` 


PDS 3000: complete 
patient information 
in a Total-View 


GE offers you new technology in the microprocessor- 
based PDS 3000 patient monitoring system that allows 
you to react more quickly to patient conditions. That's 
because the central station presents all vital patient 
information on one display for clear, Total-View 
readability. 


The central station display and message center 
provide simultaneous, alphanumeric presentation of 
up to ten parameters per patient—without repeater 
modules or complex switching. A continuous display 
of non-fade waveforms is included with independent 
freeze and cascade capability. Plus, the operator is 
immediately informed of all abnormal changes in 
patient and equipment conditions. 


Strip chart recordings give you a permanent and 
complete record of data being measured. An 
alphanumeric edge printer identifies each recording by 
bed number, time, date, heart rate, lead configuration 
and blood pressure values for easier patient charting. 


TR 
oF 5 


PDS 3000 bedside units are available in three or four 
module configurations. Each plug-in, pull-out module 
fits in any slot without the need for tools. This allows 
you to tailor the system to the needs of each patient — 
conveniently. 


With PDS 3000 you have the reliability of the latest 
in monitoring technology and the convenience of 
Total-View patient information. Get all the facts. 
Contact your GE representative today. 


General Electric Medical Systems, 
Milwaukee, Toronto, Madrid. 


100 Years of Progress for People 
GENERAL (D ELECTRIC 
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Wo out of every five hypertensives 
‘ound to be ji perlipidemic 
n recent study! 


-ipid abnormalities are often part of a broader 
clinical picture. For example, a recent study? 
eports an association between hypertension and 
Wbertriglyceridemia—the most common form of 
lyperlipidemia. (See table below.) 


—————— 





Incidence of Hyperlipidemia 


Type of Hypertensives Normotensives 
Hyperlipidemia* (89 subjects) (89 subjects) 
Type IIA 996 (8) 796 (6) 
Type IIB 696 (5) 396 (3) 
Type IV 2696 (23) 1196 (10) 

Total . 41% (36) 21% (19) 








yperlipidemia was diagnosed when cholesterol levels exceeded 282 mg% 
1d /or }riglycerides were over 177 mg%—cutoff points higher than the usual 
dper limits of normal 

Japted from Thomas, G. W., et a/.’ 


‘he essential measurements— 
‘holesterol and triglycerides 


oday, lipid determinations are recommended as 
art of every general medical examination. 


'ecause elevated lipids may coexist with high 
lood pressure, it is especially important to screen 
ypertensive patients for hyperlipidemia. Testing 

Jr both cholesterol and triglycerides is considered 
ssential,*-> since it increases the chances of 
etection from 6 out of 10 to 9.5 out of 10.5 










AN IMPORTANT NOTE: It has not been established 
whether the drug-induced lowering of serum cholesterol or 
lipid levels has a detrimental, beneficial, or no effect on the 
morbidity or mortality due to atherosclerosis or coronary 

heart disease. Several years will be required before current 
investigations will yield an answer to this question. 


Atrom 


When diet alone 





dS 
(clofibrate) s: 


significantly lowers 
serum levels of 
cholesterol and/or 
triglycerides 


Proved effective in study after study 


In clinical studies involving patients with 
drug-responsive hyperlipoproteinemia, diet plus 
ATROMID-S (clofibrate) lowered serum cholesterol 
levels from.22% to as much as 52% and reduced 
triglyceride values over a range of 19% to 8096.7-1? 


Patient acceptance is generally good 


In more than a decade of use, clofibrate has been 
generally well tolerated. Major adverse effects 

are primarily gastrointestinal, with nausea being 
predominant. Other G.I. reactions include loose 
stools, flatulence, abdominal distress, and, 
infrequently, gallstones. Less common reactions 
include muscle cramping, myalgia, and alopecia. 
Please see "Important Note" at left and Warning on 
concomitant anticoagulant usage in prescribing 
information on following page. 


The most widely prescribed antilipemic agent 


| Atromid-S (verst! 


(clofibrate) 


See next page of this advertisement for prescribing information. 
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_ 2 capsules b.i.d. 


BRIEF SUMMARY 

(For full prescribing information, see package circular.) 
ATROMID-S® Brand of clofibrate 

Antilipidemic agent for reduction of elevated serum lipids 


INDICATIONS: ATROMID-S is indicated as adjunctive therapy in patients who do not 
respond adequately to diet and other measures for the reduction of elevated serum 
cholesterol (especially the beta lipoprotein fraction) and/or triglycerides. Clofibrate Bp- 

s to have a greater depressant effect on the very low density lipoproteins (S¢ 20- 
400) rich in triglycerides than the low density lipoproteins (S, 0-20) rich in cholesterol. 


_ ATROMID-S is also indicated for treatment of patients with xanthoma tuberosum asso- 
ciated with hyperlipidemia. The skin lesions frequently regress with clofibrate. 


It has not been established whether the drug-induced lowering of serum cholesterol or 
- lipid levels has a detrimental, beneficial. or no effect on the morbidity or mortality due to 
= atherosclerosis or coronary heart disease. Several years will be required before current 
— Jnvestigations will yield an answer to this question. 


A CONTRAINDICATIONS: Clofibrate is contraindicated in pregnant women. While 
teratogenic studies have not demonstrated any effect attributable to clofibrate, it is known 
that serum of the rabbit fetus accumulates a higher concentration of clofibrate than that 
found in maternal serum, and it is possible that the fetus may not have developed the 
enzyme system required for the excretion of clofibrate. 


It is contraindicated in lactating women since it is not known if clofibrate is secreted in the 
milk 
It is contraindicated in patients with clinically significant hepatic or renal dysfunction. 


Itis contraindicated in patients with primary biliary cirrhosis since it may raise the already 
elevated cholesterol in these cases. 


WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE 
GIVEN IN CONJUNCTION WITH ATROM!D-S. THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL 
CASE) TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE 
ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE PROTHROMBIN 
LEVEL HAS BEEN STABILIZED. 


Strict birth contro! procedures must be exercised by women of childbearing potential. 
In patients who plan to become pregnant, clofibrate should be withdrawn several 
months before conception. Because of the possibility of pregnancy occurring despite 
birth control precautions in patients taking clofibrate, the possible benefits of the drug 
. to the patient must be weighed against possible hazards to the fetus. 
Administration of clofibrate to mice and rats in long-term studies at eight times the human 
dose resulted in a higher incidence of liver tumors than in controls. Lower doses were not 
studied. Although the relevance of this finding to humans is not known at this time, it can- 
not be dismissed especially since this drug is intended for long-term adminis- 
tration. ATROMID-S should be used only in patients with hyperlipidemia who do not 
respond adequately tc dietary intervention. 


PRECAUTIONS: Before instituting therapy with clofibrate, attempts should be made to 
control serum lipids with appropriate dietary regimens, weight loss in obese patients, 
control of diabetes mellitus, etc. . 


Because of the long-term administration of a drug of this nature, adequate baseline 
studies should be performed to determine that the patient has significantly elevated serum 
lipid levels. Frequent determinations of serum lipids should be obtained during the first few 
months of ATROMID-S administration, and periodic determinations thereafter. The drug 
should be withdrawn after three months if response is inadequate. However, in the case of 
xanthoma tuberosum, the drug should be employed for longer periods (even up to one 
year) provided that there is a reduction in the size and/or number of the xanthomata. 


Subsequent serum lipid determinations should be done to detect a paradoxical rise in 
serum cholesterol or triglyceride levels. Clofibrate will not alter the seasonal variations 
of serum cholesterol peak elevations in midwinter and late summer and decreases in 
fall and spring. If the drug is discontinued, the patient should be placed on an 
appropriate hypolipidemic diet, and his serum lipids should be monitored until 
stabilized, as a rise in these values to or above the original baseline may occur. 
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| serum transaminase determinations and other liver 
function tests should be performed since the drug may produce abnormalities in these 
parameters. These effects are usually reversible when the drug is discontinued. Hepatic 
biopsies are usually within normal limits. If the hepatic function tests steadily rise or show 
excessive abnormalities, the drug should be withdrawn. Therefore use with caution in 


those patients with a past history of jaundice or hepatic disease. 


Clofibrate may produce “flu like” symptoms (muscular aching, soreness, cramping). The 
physician should differentiate this from actual viral and/or bacterial disease. 


Use with caution in patients with peptic ulcer since reactivation has been reported. 
Whether this is drug-related is unknown. 


Complete blood counts should be done periodically since anemia, and more frequently, 
leukopenia have been reported in patients who have been taking clofibrate. ° 


Various cardiac arrhythmias have been reported with the use of clofibrate. 


Several investigators have observed in their studies that clofibrate may produce a 
decrease in cholesterol lincleate but an increase in palmitoleate and oleate, the latter 
being considered atherogenic in experimental animals. The significance of this finding 
is unknown at this time. 


ADVERSE REACTIONS: Of the pertinent reactions, the most common is nausea. Less 
frequently encountered gastrointestinal reactions are vomiting, loose stools, dyspepsia, 
flatulence, and abdominal distress. Reactions reported less often than gastrointestinal 
ones are headache, dizziness, anc fatigue; muscle cramping, aching, and weakness; skin 
rash, urticaria, and pruritus; dry brittle hair, and alopecia. 


The following reported adverse reactions are listed alphabetically by systems: 


Cardiovascular 
Increased or decreased angine 
Cardiac arrhythmias 
Both swelling and phlebitis at site of xanthomas 


Dermatologic 
Skin rash 
Alopecia 
Allergic reaction including urticaria 
Dry skin and dry brittle hair 
Pruritus 


Gastrointestinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, flatulence, abdominal distress) 
Hepatomegaly (not associated with hepatotoxicity) 
Gallstones 
Vomiting 
Stomatitis and gastritis 


Genitourinary 
Impotence and decreased libido , 
Findings consistent with renai dysfunction as evidenced by dysuria, hematuria, pro- 
teinuria, decreased urine output. One patient's renal biopsy suggested “allergic 
reaction." 
Hematologic 
Leukopenia 
Potentiation of anticoagulant effect 
Anemia 
Eosinophilia 


Musculoskeletal 
Myalgia (muscle cramping, aching, weakness) 
"Fiu like" symptoms 
Arthralgia 
Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 


Miscellaneous 
Weight gain 
Polyphagia 
Laboratory Findings 
Abnormal liver function tests as evidenced by increased transaminase (SGOT and 
SGPT), BSP retention, and ncreased thymol turbidity 
Proteinuria 
Increased creatine phosphokinase 


Reported adverse reactions whose direct relationship with the drug has not been 
established: peptic ulcer, gastrointestinal hemorrhage, rheumatoid arthritis. tremors, in- 
creased perspiration, systemic lupus erythematosus, blurred vision, gynecomastia, 
thrombocytopenic purpura. 

DOSAGE AND ADMINISTRATION: /nitial: The recommended dosage for adults is 2 g 
daily, in divided doses. Some patients may respond to a lower dosage. 


Maintenance: Same as for initial dosage. 
Note: In children, insufficient studies have been done to show safety and efficacy. 


DRUG INTERACTIONS: Caution should be exercised when anticoagulants are given in 
conjunction with ATROMID-S. The dosage of the anticoagulant should be reduced usually 
by one-half (depending cn the individual case) to maintain the prothrombin time at the 
desired level to prevent bleeding complications. Frequent prothrombin determinations are 
advisable until it has been definitely determined that the prothrombin level has been 
stabilized. 

MANAGEMENT OF OVERDOSAGE: While there has been no reported case of overdos- 
age. should it occur, symptomatic supportive measures should be taken. 


HOW SUPPLIED: ATROMID-S— No. 243—Each capsule contains 500 mg clofibrate, in 
battles of 100 

References: 1. Thomas, G. W., etal : Br. Med. J. 2:805 (Sept. 24) 1977. 2. Ahrens, E. H., 
Jr. Ann. Intern. Med. 85:87 (July) 1976. 3. Council on Foods and Nutrition: J.A. M.A. 
222:1647 (Dec. 25) 1972. 4. Scheig, R.: Conn. Med. 39 71 (Feb.) 1975. 5. Letters to the 
Editor. Current Prescribing (July) 1977, T 15. 6. Fredrickson, D. S., et al., in Holmes, 
W. L., Carlson, L. A., and Paoletti, F. (e s.): Drugs Affecting yu Metaboiism, vol. 4, 
New York, Plenum Press, 1968, p. 314. 7. Brown, H. B., Lewis, L. A., and Page, I. H.: Clin. 
Pharmacol. Ther. 17:171 (Feb ) 1975. 8. Gelfand, M. L., and Garbor, M.: Exhibit, Ameri- 
can yay. of atio od Meeting, New Orleans, La., Feb. 21-Mar. 1, 1970. 9. Zelis, R., 
et al.: J. Clin. Invest. 49:1007 (May) 1970. 10. Levy, R. |., ef al.: Ann. Intern. Med. 77:267 
(Aug.) 1972. 11. Berkowitz, D.: J.A.M.A. 218:1002 (Nov. 15) 1971. 12. Lorenzo, E. M., 
et al.: Curr. Ther. Res. 22:147 (July, Sect. 2) 1977. 
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Exertional Angina Pectoris Caused by Coronary Arterial Spasm: 
Effects of Various Drugs 
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Address for reprints: Hirofumi Yasue, MD, Di- 
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10-93, Ote-Cho, Shizuoka City 420, Japan. 


In four patients with exertional angina induced by arm exercise, coronary 
arteriograms taken before, during and after the attack demonstrated that 
Spasm appeared in the large coronary artery supplying the area of myo- 
cardium shown to be ischemic in the electrocardiogram during the attack. 
The spasm disappeared with subsidence of the attack after administration 
of nitroglycerin. Anginal attacks induced by treadmill exercise were not 
suppressed by propranolol, 60 mg orally, in two of the four patients. 
However, such attacks were suppressed in all patients by oral adminis- 
tration of diltiazem (90 mg, four patients) or nifedipine (20 mg, three 
patients) or intramuscular injection of phentolamine (0.2 mg/kg body 
weight, three patients). It is concluded that coronary arterial spasm can 
be induced by exercise and can cause exertional angina in some patients. 
Diltiazem and nifedipine, calcium antagonistic drugs, prevent spasm. 


Angina pectoris is a clinical syndrome caused by transient myocardial 
ischemia resulting from an imbalance between myocardial oxygen supply 
and demand, and exercise-induced angina (exertional angina) has been - 
thought to be caused by increased myocardial oxygen consumption in 
the presence of fixed stenosis of large coronary arteries.:2 Propranolol, 
which decreases myocardial oxygen consumption, has proved valuable 
in treating angina,” and the effectiveness of nitroglycerin in relieving 
angina has been attributed chiefly to the drug’s effect on myocardial 
work rather than on the coronary arteries.*^^? On the other hand, there 
is growing evidence that Prinzmetal's variant angina, which occurs at 
rest and is usually not provoked by exercise,®: is caused by spasm of a 
large coronary artery.7-!! 

Because sympathetic nervous discharge occurs in response to exer- 
cise!?.? and stimulation of alpha adrenergic receptors is known to result 
in coronary vasoconstriction,?:!4-!9 it is possible that coronary vaso- 
constriction also plays a role in the pathogenesis of angina pectoris in- 


duced by exercise. In this paper we describe four patients with exertional 


angina in whom spasm of a large coronary artery was demonstrated ar- 
teriographically during the attack and in whom we examined the effects 
of various drugs in preventing the angina. 


Patients 


Case 1: A 42 year old woman was well until November 1975, when she began 
experiencing retrosternal chest pain in the morning, particularly after mictu- 
rition. The morning attacks were also induced by walking fast or uphill and were 
promptly relieved by nitroglycerin. In February 1977 the attacks increased in 
frequency, occurring three to five times every morning, and she was admitted 
to our hospital. 

Physical examination was normal. The electrocardiogram was normal except 
during the attack, when S-T segment depression developed in leads I, II and Və 
to Ve. Serial serum enzyme values were also normal. A treadmill exercise test 
performed without medication repeatedly induced the angina in the morning 
but failed to do so in the afternoon. 
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FIGURE 1. Case 1. Effects of diltiazem, propranolol and phentolamine 
on exertional angina. Propranolo! effected the greatest suppression 
of exercise-induced increases in heart rate and blood pressure (BP) but 
did not suppress the angina. Diltiazem and phentolamine fully sup- 
pressed the angina. 


Case 2: A 64 year old man was admitted to our hospital in 
October 1977. Two years before admission be began to have 
oppressive anterior chest pain induced by lifting a heavy 
package, walking uphill or eating a heavy meal. The pain 
lasted 2 to 5 minutes and was always relieved by nitroglycerin 
or cessation of activity. | " 

Physical examination was normal. The electrocardiogram 
was also normal except during the chest pain, when S-T seg- 
ment depression appeared in leads I, II and V3 to Vg. Tread- 
mill exercise performed without drugs repeatedly induced the 
pain. | 


Case 3: A 58 year old woman was in good health until Sep- 
tember 1974, when she began to have retrosternal chest pain 
induced by exertion. The pain was always relieved by nitro- 
glycerin or rest. She was admitted to our hospital for evalua- 
tion in October 1977. 

Physical examination was normal. The electrocardiogram 
on admission showed slight S-T segment depression and T 
wave flattening in leads V4 to Vg. A treadmill exercise test 
without medication repeatedly induced the pain, which was 
associated with S- T segment depression in leads I, II and V3 

to Ve- 


Case 4: A 52 year old man was admitted to our hospital in 
September 1977. Four months before admission he began 
experiencing retrosternal chest pain induced by exertion. The 
pain was always relieved by nitroglycerin or rest. The attacks 
gradually increased in frequency and occurred occasionally 
even at rest at the time of admission. 

Physical examination was normal. The electrocardiogram 
was also normal except during angina, when S-T segment 
depression appeared in leads I, II, III, aVF and V3 to Ve. 
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FIGURE 2. Case 2. Effects of nifedipine, propranolol, diltiazem and 
phentolamine on exertional angina. Propranolol effected the greatest 
suppression of exercise-induced increases in heart rate and blood 
pressure but did not suppress the angina. Nifedipine and diltiazem 
completely suppressed the exercise-induced angina. Phentolamine 
partially suppressed the angina. 


Treadmill exercise performed without drugs repeatedly pro- 


voked the angina. 


Diagnostic Procedures 


Exercise stress test: The patients were kept in bed in the 
fasting state until 8:00 A.M., when they were taken in a 
wheelchair to a room where they exercised at 2.5 miles/hour 
at a grade of 12 percent for up to 3 minutes on a motor-driven 
treadmill with constant electrocardiographic monitoring. In 
all four patients this procedure repeatedly induced chest pain 
associated with ischemic changes in the electrocardiogram. 

A drug was then administered, and the exercise test re- 


. peated. All four patients received orally diltiazem, 90 mg and 


propranolol, 60 mg, and three (Cases 2 to 4) received orally 
nifedipine, 20 mg; three patients (Cases 1 to 3) received an 
intramuscular injection of phentolamine, 0.2 mg/kg body 
weight. The drugs were given singly on separate days within 
a 1 week period, and the sequence of administration was 
randomized. The repeat exercise tests were performed 2 hours 
after oral drug administration and 5 minutes after the intra- 
muscular injection of phentolamine. 

These drugs were judged to be completely effective when 
chest pain and ischemic changes in the electrocardiogram 
induced by exercise were completely suppressed, partially 
effective when S-T depression induced by exercise was less- 
ened by more than 0.05 mv and not effective when S-T de- 
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FIGURE 3. Case 3. Effects of nifedipine, propranolol, diltiazem and 
phentolamine on exertional angina. All four drugs partially suppressed 
the angina. | 


pression induced by exercise changed by less than 0.05 mv in 
the lead showing the greatest S- T segment deviation 1 minute 
after exercise. | 

The electrocardiogram was recorded with a six-channel 
electrocardiograph, and continuous electrocardiographic 
monitoring during exercise was performed telemetrically using 
the bipolar transthoracic lead CM;. | 

Coronary arteriography: This procedure was performed 
in the morning without premedication using the Judkins 
technique and constant monitoring of blood pressure and the 
electrocardiogram. After a control coronary arteriogram was 
taken, the patients performed arm exercise in the supine po- 
sition using a spring pull exerciser (about 9 kg when expanded 
to 145 cm) 40 to 50 times/min until chest pain or ischemic 
changes in the electrocardiogram appeared. Coronary arte- 
riography was performed immediately after the exercise and 
then nitroglycerin (0.6 mg) was given sublingually. Repeat 
coronary arteriography was performed 3 to 5 minutes after 
administration of nitroglycerin. Written informed consent was 
obtained from each patient. | 

Results 

Effects of Various Drugs on the Exercise Stress Test 

In Case 1 (Fig. 1), diltiazem and phentolamine were 
completely effective; propranolol was not effective even 
though this drug resulted in the greatest suppression 
of the exercise-induced increase in heart rate and blood 
pressure. | 

In Case 2 (Fig. 2), nifedipine and diltiazem were 
completely effective. Again, propranolol was not ef- 
fective, although it resulted in the greatest suppression 
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FIGURE 4. Case 4. Effects of diltiazem, propranolol and nifedipine on 
exertional angina. All three drugs partially suppressed the angina. 


of the exercise-induced increase in heart rate and blood 


_ pressure. Phentolamine was partially effective. 


In Case 3 (Fig. 3), nifedipine, propranolol, diltiazem - 
and phentolamine were all partially effective. 

In Case 4 (Fig. 4), diltiazem, propranolol and ni- 
fedipine were all partially effective. However, nifedipine 
induced S-T segment depression in the resting state, 
probably because it increased heart rate. 

Coronary Arteriograms 

In Case 1 (Fig. 5) the left coronary artery appeared — 
almost normal in the control coronary arteriogram. An _ 
attack of chest pain with S-T segment depression in lead . 
V4 occurred 3 minutes after the start of arm exercise. - 
The coronary arteriogram taken during pain demon- - 
strated that the distal portions of the left anterior de- . 
scending coronary artery were almost not visualized — 
because of spasm (Fig. 5B). The pain was promptly re- - 
lieved by nitroglycerin, and the coronary arteriogram 
taken at this time showed that the left anterior de- 
scending coronary artery was promptly visualized down 
to its peripheral portions, spasm having disappeared. 
The right coronary artery was normal. 

In Case 2 (Fig. 6) the left coronary artery was readily 
visualized as far as its peripheral portions in the control 
coronary arteriogram. The arteriogram obtained during 
the mild chest discomfort induced by 2 minutes of arm 
exercise and associated with S- T depression in lead V5 
showed spasm in the proximal portion of the left ante- 
rior descending coronary artery and greatly delayed 
visualization of the peripheral portions (Fig. 6B). The 
spasm disappeared with subsidence of the attack after 
nitroglycerin, and the arteriogram revealed a 90 percent 
organic stenosis at the proximal portion of the left an- 
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terior descending coronary artery where spasm had 
appeared. The right coronary artery was normal. 

In Case 3 (Fig. 3) the control coronary arteriogram 
showed prompt visualization of the left coronary artery. 
After 3 minutes of the arm exercise, mild chest dis- 
comfort and S-T segment depression in lead V5 ap- 
peared and the coronary arteriogram at this time 
demonstrated marked delay of the visualization of the 
left anterior descending coronary artery (Fig. 7A). After 
nitroglycerin, both the pain and delayed visualization 


of the artery disappeared and a 95 percent organic ste- 
nosis in the mid portion of the artery was evident (Fig. 
7B). The right coronary artery had a 50 percent organic 
stenosis in the proximal portion. 

In Case 4 (Fig. 8) the control coronary arteriogram 
revealed prompt visualization of the left coronary artery 
as far as its peripheral portions. Two minutes after the 
start of arm exercise slight S-T segment depression in 
lead V5 developed but the patient did not feel chest 
pain. A coronary arteriogram at this time showed spasm 





FIGURE 5. Case 1. Left coronary arteriograms. A, control. The left coronary artery appears almost normal. B, during chest pain induced by arm exercise, 
the distal portions of the left anterior descending coronary artery (arrow) are almost not visualized because of spasm. 





FIGURE 6. Case 2. Left coronary arteriograms. A, control. The left coronary artery is promptly visualized down to its peripheral portions. B, during 
chest pain induced by arm exercise, spasm appears in the proximal portion of the left anterior descending coronary artery (arrow) and greatly 


delays visualization of the peripheral portions. 


that almost completely occluded the left anterior de- 
scending coronary artery in its proximal portion (Fig. 
8A). After nitroglycerin both spasm and S-T depression 
disappeared and a 90 percent organic stenosis at the 
proximal portion of the left anterior descending coro- 
nary artery was evident where spasm had occurred (Fig. 
8B). There were also a 75 percent and a 90 percent or- 
ganic stenosis in the proximal portion of the left cir- 
cumflex and right coronary artery, respectively. 
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Discussion 


Exercise-induced angina pectoris has been considered 
to be due to an imbalance between a fixed, restricted 
myocardial oxygen supply and enhanced metabolic 
demand.'^^ Coronary arterial spasm has been demon- 
strated in Prinzmetal’s variant angina,^-!! but this form 
of angina occurs at rest and is usually not provoked by 
exercise." Because sympathetic nervous discharge 





FIGURE 7. Case 3. Left coronary arteriograms. A, during angina induced by arm exercise, the visualization of the peripheral portions of the left 
anterior descending coronary artery is greatly delayed because of spasm. B, after administration of nitroglycerin, the artery is dilated, and there 


is no delayed visualization of its peripheral portions. 





FIGURE 8. Case 4. Left coronary arteriograms. A, after arm exercise, S-T segment depression in the electrocardiogram develops; at this time 
spasm appears and almost completely occludes the left anterior descending coronary artery at the proximal portion (arrow). B, after administration 
of nitroglycerin, spasm disappears and there is 90 percent organic stenosis in the proximal portion of the artery where spasm had appeared. 
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occurs in response to exercise!?!? and stimulation of 
alpha adrenergic receptors is known to result in coro- 
nary vasoconstriction,?.14-!9 it is possible that coronary 
vasoconstriction also plays a role in the production of 
angina pectoris induced by exercise. 
_ Pharmacologic and angiographic demonstration 
of coronary spasm: In Cases 1 and 2, propranolol, a 
beta adrenergic blocking agent that reduces myocardial 
oxygen consumption and is widely used in the treatment 
of exertional angina,!-* was not effective in suppressing 
chest pain. In contrast, diltiazem???! and nifedipine,?^?? 
oth calcium antagonistic drugs that dilate large coro- 
nary arteries by blocking the entry of calcium ions into 
coronary vascular smooth muscle cells and are effective 
in the treatment of Prinzmetal’s variant angina,?9-?4 
completely suppressed the anginal attacks in these two 
patients. Phentolamine, an alpha adrenergic blocking 
agent, also suppressed the attacks. These findings 
strongly suggest that the angina induced by exercise in 
these two patients was due to coronary arterial 
spasm. 
— In Cases 3 and 4, the patients had severe organic 
stenosis of two and three large coronary arteries, re- 
spectively, and propranolol partially suppressed the 
anginal attacks. These findings suggest that the angina 
was caused by an increase in myocardial oxygen con- 
sumption. But the partial suppression of the angina by 





diltiazem, nifedipine and phentolamine (in Case 3) 
suggests that, in addition, coronary arterial spasm 
played a role in producing the attacks in these two pa- 
tients. 

Coronary arteriograms taken before, during and after 
the attacks induced by the arm exercise demonstrated 
that spasm appeared at the large coronary artery 
supplying the area of myocardium shown to be ischemic 
in the electrocardiogram during the attacks*and dis- 
appeared with subsidence of the attacks after admin- 
istration of nitroglycerin in all four patients. Thus cor- 
onary arterial spasm can be induced by exercise and 
may play a role in the production of exertional angina 
not only in patients with almost normal coronary arte- 
ries, but also in patients with severe organic stenosis of 
two or three large coronary arteries. 

Clinical implications: This fact has important 
clinical significance because propranolol, which has 
been widely used in the treatment of exertional an- 
gina,2-* may cause coronary vasoóconstriction?* and 
aggravate the attacks in some patients.??! In such eases, 
a calcium antagonistic coronary vasodilator alone or in 
combination with propranolol seems to be a drug of 
choice in the management of the angina. Nitroglycerin 
relieved the attacks by dilating the large coronary ar- 
teries as well, as demonstrated arteriographically in this 
study. 
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report of so-called A-V junctional Wenckebach periods in which the - 
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His bundle electrograms were recorded during catheter insertion for 
prophylactic demand pacing in two patients with accelerated or nonac- 
celerated “atrioventricular (A-V) junctional” rhythms associated with 

A-V junctional Wenckebach periods. This appears to be the first published 
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characteristic irregularities of the H-H intervals were recorded. Patient - 
1 had an additional area of "complete" anterograde A-V nodal (A-H) . 
block. In Patient 2 the rate of impulse formation was consistent with © 
nonparoxysmal A-V junctional tachycardia. The His bundle recordings 
were obtained in patients with digitalis toxicity and should be interpreted 
in that context. The integration of clinical and intracardiac findings with 
extrapolations from microelectrode and pharmacologic studies and with 
deductions from the clinical electrocardiograms suggests that the con- 
duction disturbances probably occurred within the A-V node itself (in its 
AN region). This hypothesis implies that automaticity also originated in 
the A-V node because the site of impulse formation must have been 


as e 


" 


. proximal to the site of the Wenckebach periods. However, conclusive 
proof of these postulates will require further studies with refined tech- 
niques. 


The surface electrocardiographic pattern of digitalis-induced atrio- 
ventricular (A-V) junctional rhythms with A-V junctional Wenckebach 
periods has been well known for many years.'-6 However, as far as we 
know this is the first report of His bundle electrograms recorded while 
the electrocardiogram showed these arrhythmias. 


Methods 


This study considers the intracardiac electrophysiologic information obtained 


| during catheter insertion in two patients with cardiomyopathy (possibly alco- 


holic). Temporary pacing was initiated in these patients on hospital admission 
because of persistent or intermittent slow ventricular rates associated with 
ventricular premature beats. 

A bipolar catheter electrode was introduced by way of the femoral vein, and 


His bundle recordings were obtained during passage of the electrodes from the 


right atrium to the right ventricle." The procedure was explained to the patients 
and their relatives, and witnessed informed consent was obtained. The proce- 
dures were performed without extra cost to the patients. 

Digitalis toxicity was diagnosed after additional clinical information about 
the amount of digoxin ingested was obtained from the patients' relatives and 
when the reports from laboratory studies performed on admission (but reported 
12 hours later) were available. The laboratory studies showed elevated digoxin 
plasma levels (3.3 and 3.5 ng/ml, respectively) with serum potassium levels of 
3 to 3.5 mEg/liter. The arrhythmia disappeared 48 hours after digoxin was dis- 
continued, at which time the sinus rhythm was regular and the P-R intervals 
were normal. 
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FIGURE 1. Case 1. His bundle recordings in a patient with digitalis-induced “complete” A-V nodal (atrio-His) block and an automatic rhythm with an 
 anterograde 5:4 Wenckebach period. Lead Il shows an “overshooting” that does not influence the interpretation.' Both impulse formation and 
_ Wenckebach period occurred between the site of “complete” block and the site from which the His bundle (H) deflection was recorded, probably 
- in the A-V node. In the diagram at the bottom, A indicates the moment the excitation arrived at the A-V node (A- level). All A defiections are represented 
- as penetrating into (and being blocked at) the upper part of the A-H level. Values are expressed in msec; the intervals between time markers represent 


1,000 msec. HBE - His bundle electrogram. 


Case Report 
Case 1 


Figure 1 shows sinus rhythm at a rate of 90 beats/min (cycle 
length 670 msec) with so-called complete anterograde A-V 
block that presumably occurred at the A-V node because the 
atrial (A) deflections recorded from the vicinity of the A-V 
node were not followed by His bundle (H) deflections. In ad- 
dition, a second, slower rhythm appeared to have originated 
below the area of complete A-V nodal block but above the 
bifurcation of the His bundle. This assumption was based on 
the occurrence of narrow (85 msec) QRS complexes similar 
to the subsequent complexes during sinus rhythm. The du- 
ration of the H-V interval was 45 msec. 

'The H-H (and the R-R) intervals decreased gradually from 
1,020 to 960 to 910 msec before increasing to 1,610 msec. This 
H-H sequence suggested that a 5:4 anterograde Wenckebach 
period occurred in an area proximal to the site at which the 


H deflection was recorded. The sum of the H-H intervals 
(1,020 + 960 + 910 + 1,610 msec = 4,500 msec) divided by 5 
gave a value of 900 msec, which was the cycle length of the 
automatic rhythm (rate 67 beats/min). 

To summarize, this patient had an area of anterograde 
complete A-V nodal block and an automatic rhythm showing 
an anterograde 5:4 Wenckebach period. Both the impulse 
formation and the conduction disturbanee occurred below the 
site of complete block but above the site from which the H 
deflection was recorded. 


Case 2 


Figure 2 was obtained in a patient with high degree A-V 
block who, at the moment of catheter insertion, had unevenly 
spaced, narrow QRS complexes similar to those recorded when 
sinus rhythm recurred. The H-V interval duration was 50 
msec. The constant relation of the negative P waves (buried 


FIGURE 2. Case 2. His bundie recordings in a patient 
who had a digitalis-induced A-V junctional tachycardia 
coexisting with an anterograde 4:3 Wenckebach 
period. The (presumably) retrograde P waves and A 
deflections are buried inside the corresponding QRS 
complexes (and ventricular electrograms), except 
during completion of the Wenckebach period. The 
latter phase is manifested by absence of anterograde 
His bundle and ventricular deflections. Therefore, the 
negative P wave in lead II and the A deflection in the 
HBE lead are clearly visible. In this recording both 
impulse formation and Wenckebach periods occurred 
below the atria but above the site from which the H 
deflection was recorded, probably in the A-V node. 
Values are expressed in msec. HBE = His bundle 
electrogram. 
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inside the ventricular complexes) with the irregular QRS 
complexes suggested that the P waves resulted from a wave- 
front emerging retrogradely from the A-V node. However, 
even if the P waves resulted from the activity of another 
(higher) A-V junctional center or from that of an ectopic atrial 
or sinus rhythm, the following interpretation is still applicable. 
Regardless of the site from which the atria were activated, the 
decrease of the H-H intervals from 635 to 605 msec before 
their increase to 1,160 msec suggested that a 4:3 anterograde 
Wenckebach phenomenon occurred somewhere below the 
atria and above the site from which the H deflection was re- 
corded. The sum of the H-H intervals (635 + 605 + 1,160 = 


2,400 msec) divided by 4 gave a value of 600 msec, which in- - 
dicates that the rate of the automatic rhythm was 100 beats/ 


min (nonparoxysmal A-V junctional tachycardia). © 
If the atria were activated from the impulse emerging (in 


a retrograde direction) from the A-V node, the relatively short 


H-A interval (approximately 50 msec) probably did not rep- 
resent linear conduction time from the His bundle to the atria 
but represented differences in the arrival of excitation at these 
sites. In the diagram in Figure 2 (bottom), impulse formation 
was represented to occur in the NH region of the A-V node or 
in the proximal His bundle. This assumption was based on the 
studies of Watanabe and Dreifus,® who considered that a 
greater conduction time toward the atria favored an origin in 
the previously mentioned sites, and on the work of Hoffman 
and Cranefield,? who postulated that “lower A-V nodal 
rhythms" originated in the His bundle. Nevertheless, a similar 
relation would be expected if the origin of the automatic 
rhythm had been the AN region of the A-V node (close to its 
N region) or the lower portions of a partial or total A-V nodal 
bypass tract.’ However, the H-A interval could have repre- 
sented linear conduction time if the impulses had originated 
in the NH region of the A-V node, or proximal His bundle, 

provided that they were conducted retrogradely to the atria 
through a total or partial A-V nodal (or atrio-His) bypass 
tract.? 

Because of similar uncertainties about the time occurring 
between these deflections, the old classification of *A-V nodal 
rhythms” was abandoned. According to Scherf and Schott,!? 
this classification was abandoned when it was realized that 


coexisting (and of different degrees) conduction disturbances 


(from the automatic center to the atria, the ventricles, or both) 
could produce marked alterations in the time relation between 
the P waves and QRS complexes. 


To summarize, this patient had a rapidly firing automatic 
focus with an anterograde 4:3 Wenckebach period. Both im- - 


pulse formation and conduction disturbance occurred some- 
where between the (atrial) site of entrance into the A-V node 
and the site from which the H deflection was recorded. 
Discussion 

Site of impulse formation in A-V junctional 
rhythms: Few reports have been published on His 
bundle recordings in patients with digitalis-induced A-V 
junctional rhythms or (nonparoxysmal) A-V junctional 
tachycardias. Moreover, as far as we know, Figures 1 and 
2 are the only published reports of these arrhythmias 
with irregular H-H intervals due to anterograde A-V 
junctional Wenckebach periods. x 

Most published examples of A-V junctional ar- 
rhythmias were not digitalis-induced.!!-!4 In these cases 
the H-H intervals were regular, and the site of origin was 
localized in the His bundle itself.!! The latter assump- 
tion was based on the finding of potentials, now con- 


sidered spurious (but previously interpreted as of true 3 
A-V nodal origin), as well as on the existence of iso- — 
electric intervals in front of the H deflections.!! Because - 


even when A-V conduction is intact the H deflection is — 


preceded by an isoelectric segment, some authors con- — 


sider that the demonstration of an isoelectric segment 


preceding the H deflection during an A-V junctional 
rhythm does not exclude a true A-V nodal origin.!?-!4 

It is important to reemphasize that microelectrode 
studies have shown that digitalis-induced automaticity 


can occur not only in the His bundle but also in the NH 


and AN regions of the A-V node.99.14^ Therefore, the — 
information obtained from the His bundle recordings — 
in our two patients should not be assumed to indicate + 
that impulse formation occurred within the His bundle. — 
A-V nodal automaticity, though not proved, cannot be 
conclusively excluded either. Additional information — 
could have been obtained from His bundle and atrial 
pacing and from atrial electrographic recordings from 
other sites; these recordings were not performed in our 
two patients because the electrograms were obtained 
as a "secondary gain" 15 during catheter insertion for 
prophylactic demand pacing. i 
Sites where digitalis-induced A-V conduction . 
disturbances can occur: Experimental studies indi- - 
cate that the effects of digitalis on A-V conduction are — 
greater in the regions of the A-V node than in the His — 
bundle.9.16-29 The prolongation of the A-V nodal re- © 
fractory period (partly vagal and partly direct) produced 
by cardiac glycosides is more marked than that of the — 
His-Purkinje system.!6-?? Characteristically, digitalis | 
decreases the amplitude and phase 0 upstroke velocity — 
(Vmax) of the action potentials from the N region of the 
A-V node.!? The rate of increase of phase 0 in the NH . 
region also appears to be decreased.9?? For example, 
Figures 5-13 and 5-15 of Watanabe and Dreifus® depict 
digitalis-induced 2:1 block with the major decrement 
and block occurring within the N region. Moreover, 
their Figure 5-30 shows 13:1 block produced by digitalis, 
apparently within the A-V node, as suggested by the 
repetitive incomplete depolarization noted in the N 
region.9 These A-V nodal effects are apparently more 


significant in the production of digitalis-induced A-V — 


block than the effects that can be ascribed to enhanced 
diastolic depolarization in the His bundle. l 
Integration of information obtained from His 
bundle recordings: His bundle recordings should be 
analyzed in context, taking into consideration the 
coexisting surface electrocardiographic findings as well 
as the clinical setting in which the electrical events 
occur.?! For example, considered out of context, the 
information obtained exclusively from our His bundle 
recordings could be interpreted to indicate that the 
Wenckebach periods occurred in the proximal His 
bundle. However, the intracardiac events occurred in 
patients with digitalis toxicity without clinical or elec- 
trocardiographic evidence of primary disease of the © 
His-Purkinje conducting system. The integration of this — 
information with extrapolations from microelectrode . 
and pharmacologic studies and postulates deduced from 
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clinical electrocardiograms suggests that the digitalis- 
induced Wenckebach periods shown in Figures 1 and 
2 occurred somewhere within the (N or NH) regions of 
the A-V node (Patient 1 had a coexisting area of anter- 
ograde “complete” A-V block within the A-V node). 
Because impulse formation must have occurred proxi- 


mal to the area of second degree block, the A-V node was 
apparently also the site where the impulses were 
formed. However, further studies and refinements in 
the techniques of catheter recording and direct endo- 
cardial mapping will be required to prove these postu- 
lates conclusively. 
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Constrictive pericarditis is not considered a complication of cardiac | 
surgery. However, three cases are presented in which equalization of | 
diastolic pressures and the ventricular pressure pattern of early diastolic - 
dip-late diastolic plateau, characteristic of restrictive disease, appeared - 
after cardiac surgery. In one patient cardiac constriction developed less - 


than 2 weeks after surgery, and loculated clotted and unclotted viscous 


blood was removed from the pericardial space. In the other two patients — 
the pericardial space was obliterated by dense adhesions. Thus con- d 
strictive pericarditis should be considered in postoperative patients who | 
either do not recuperate satisfactorily after surgery or whose condition - 
deteriorates after initial recovery. 


After cardiac surgery numerous immediate and late complications! ac- 
count for the morbidity, continued disability and mortality that occur 
in a small percentage of cases. Constrictive pericarditis is another cause 
of the postoperative patient's failure to recuperate fully or of clinical 
deterioration after initial recovery. Although constrictive pericarditis 
is recognized as a late sequela of postoperative bacterial pericardial in- 
fection,” its occurrence without preceding infection is poorly appreciated 
and even denied by some. Four documented cases of constrictive peri- 
carditis after myocardial revascularization procedures,?-^ two possible 


cases after prosthetic valve replacement" and reference to one case after 


repair of an atrial septal defect’ represent the only available reports on 
this complication. Consequently, this report details the occurrence of 
constrictive pericarditis in three additional patients at different time 
intervals after cardiac surgery and emphasizes the necessity to consider 
this possibility in postoperative patients. 


Case Reports 


Case 1: A 46 year old housewife had a closed mitral commissurotomy in 1960. 
Because congestive heart failure developed, she underwent cardiac catheter- 
ization in February 1978. Pressures in the right side of the heart were increased 
(Table I), and the mean diastolic gradient across the mitral valve was 13 mm Hg. 
Right and left ventricular pressure waveforms were normal. On February 21, 
the patient had mitral valve replacement with a porcine heterograft. The peri- 


 cardium, which appeared normal, was closed. Pulmonary arterial pressure de- 


creased dramatically after surgery (Table I). After 24 hours the mediastinal 
drains were removed and anticoagulant therapy was started. For the first 4 
postoperative days, the patient's recovery was excellent. However, during the 
next 7 days renewed dyspnea appeared, and by the 14th postoperative day 
massive peripheral edema had developed. Examination revealed no pulsus 
paradoxus and an early diastolic third heart sound. Echocardiography (Fig. 1) - 
demonstrated normal left ventricular contractions. There was an echo-free space - 
between the pericardium and posterior wall epicardium. The striking parallel 
motion of the pericardium and epicardium resembled that previously described 
in constrictive pericarditis.? 
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inr | 3. iu 1. Ly of the li ans left ventricles of a patient with constrictive pericarditis that developed approximately 2 weeks 
after mitral valve replacement. An echo-free space separates the epicardium of the posterior (Post) left ventricular (LV) wali and the pericardium 
(Peri). The unusual motion of the pericardium, which parallels that of the epicardium (Epi), suggests the presence of adhesions, and the dense pericardial 


echoes suggest thickening of the pericardium. Endo = endocardium; RV = 


Repeat right-sided cardiac catheterization revealed greatly 
increased pressures (Table I) with virtual diastolic equaliza- 
tion (Fig. 2). The right atrial trace showed a prominent y de- 
scent, whereas the right ventricular pressure contour showed 
a diastolic dip-plateau pattern (Fig. 2). These findings re- 
sembled the hemodynamic abnormalities of constrictive 
pericarditis. A carbon dioxide angiogram demonstrated loc- 
ulated pericardial fluid. 

A repeat thoracotomy was performed on March 9. The 
pericardium was opaque, thickened and adherent to the epi- 


TABLE | 
Case 1. Hemodynamic Data Before and After the 


Development of Acute Postoperative Constrictive 
Pericarditis 








1 Day After 
Pressures Immediately 2 Weeks  Pericardi- 
(mm Hg) Preop After MVR After MVR ectomy* 
RA (10) (23) (8) 
RV 65/12 Cr 56/21 35/10 
PA 70/33 (47) 47/16 56/23(39) 33/16 (24) 
PCW (30) MS is (23) ee 
AO 120/62 110/70 105/70 129/56 
CO (liters/min) 3.6 6.1 3.6 5.9 
.-HR (beats/min) 90 98 77 90 


* 17 days after mitral valve replacement. 

Numbers in parentheses indicate mean pressures. 

AO = aorta; CO = cardiac output; HR = heart rate; MVR = mitral 
valve replacement; PA = pulmonary artery; PCW = pulmonary capillary 
eaga; Preop = preoperative; RA = right atrium; RV = right ventri- 
cle 


right ventricle. 





FIGURE 2. Case 1. Simultaneous recording of right atrial (RA) and 
right ventricular (RV) pressures 2 weeks after mitral valve replacement. 
The right ventricular tracing demonstrates an early diastolic dip coin- 
cident with a prominent right atrial y descent followed by a late diastolic 
plateau, a pattern characteristic of restrictive disease. The right ven- 
tricular end-diastolic pressure is greater than one-third of the systolic 
pressure, and thus constrictive pericarditis is more likely than restrictive 
cardiomyopathy. 


TNI ry 


FIGURE 3. Case 3. Right atrial (RA), right ventricular 
(RV) and left ventricular (LV) pressure tracings from 
a patient with constrictive pericarditis and tricuspid 
insufficiency. The characteristic right ventricular di- 
astolic dip-plateau contour is evident, and end-dia- 
stolic pressure is approximately one-half of peak 
systolic pressure. Diastolic left and right ventricular 
pressure contours are similar, and end-diastolic 
pressures in the two chambers are essentially equal. 
The right atrial pressure shows obvious ventriculari- 
zation, with a prominent systolic regurgitant wave, an 
equally impressive y descent and a diastolic dip- 
plateau contour. 


cardium in several anterior and posterior locations. Large clots 
weighing 50 g were removed from the pericardial space, and 
approximately 100 to 200 ml of viscous unclotted blood es- 
caped into the operative field. Large portions of the pericar- 
dium were resected. On the first postoperative day, right-sided 
pressures were much lower and cardiac output higher (Table 
D), and there was no longer equalization of diastolic pressures 
or abnormal pulse contours. An intravenous fluid challenge 
with 300 cc of 5 percent dextrose solution disclosed no he- 
modynamic abnormalities? Persistent low grade fever and an 
increased erythrocyte sedimentation rate responded to 
acetylsalicylic acid. 


Case 2: A 67 year old man with symptoms of congestive 
heart failure underwent cardiac catheterization in August 
1973. An atrial septal defect with a 3:1 left-to-right shunt was 
demonstrated. Right ventricular pressure was 40/4, pulmo- 
nary arterial pressure 37/13, mean pulmonary capillary wedge 
pressure 8 and left ventricular end-diastolic pressure 11 mm 
Hg. In October 1973, a 3 cm ostium secundum defect was re- 
paired with a Dacron® patch graft. The pericardium was 
normal. Postoperatively the patient's symptoms improved. 
In December 1974 he again began to experience dyspnea on 


exertion that progressed until he was barely able to walk one 


block. In June 1975 an examination demonstrated jugular 
venous distention, hepatomegaly and pitting pedal edema. 
Systolic time interval studies disclosed a normal preejection 
period/left ventricular ejection time ratio of 0.30, thus ex- 
cluding myopathy as the cause of the patient's symptoms.!? 
The echocardiographic ejection fraction was 79 percent. 
Cardiac catheterization revealed equalization of intracar- 
diac diastolic pressures: mean right atrial pressure was 18, 
right ventricular end-diastolic pressure 20, pulmonary arterial 
diastolic pressure 24, mean pulmonary capillary wedge pres- 
sure 20 and left ventricular end-diastolic pressure 20 mm Hg. 
Right and left ventricular diastolic pressures showed dip- 
plateau contours. There was no intracardiac shunt. Left 
ventricular contractions were normal. Treatment with digitalis 
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and diuretic drugs failed to ameliorate the patient's symp- | 


toms, and in May 1976 he underwent total pericardiectomy. 
The pericardium was thickened (0.4 cm) and tightly adherent 
to the epicardium. Pericardial stripping was completed, but — 
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because of complications at surgery the patient could not be - 


weaned from cardiopulmonary bypass. 


Case 3: A 51 year old woman underwent cardiac catheter- 


ization in 1973 after an episode of pulmonary edema. Mean. 


right atrial pressure was 6, right ventricular pressure 36/6, - 


| 


» 


pulmonary arterial pressure 36/18 (mean 29), mean pulmo- | P 


nary capillary wedge pressure 25 and left ventricular end- 


diastolic pressure 8 mm Hg. In May 1973 a severely stenotic 


mitral valve was replaced with a Starr-Edwards ball valve 
prosthesis. The pericardium was normal. Symptoms of con- 


gestive failure disappeared. Progressive peripheral edema and 
increasing abdominal girth despite treatment with high doses 


of diuretic agents prompted hospital admission in May 1976. 

The neck veins were markedly distended, with prominent v 

waves. Ascites and a large, pulsatile liver were evident. 
Cardiac catheterization revealed a mean right atrial 


pressure of 21 with a v wave of 28 mm Hg and a prominent y 


descent (Fig. 3). This ventricularized atrial tracing indicated 
tricuspid insufficiency. The right ventricular pressure was 
32/19 mm Hg, with an obvious early diastolic dip-late plateau 
contour (Fig. 3). Pulmonary arterial pressure was 32/19 (mean 
24), pulmonary capillary wedge pressure 21 and left ventric- 
ular end-diastolic pressure 21 mm Hg. The left ventricular 
pressure tracing also showed a diastolic dip-plateau pattern 
(Fig. 3). Left ventriculography disclosed normal left ventric- 
ular contractions and minimal mitral insufficiency. The 
ejection fraction was 73 percent. Because of the characteristic 


waveforms and diastolic pressure equalization, the patient was — 


believed to have constrictive pericarditis as well as tricuspid 
insufficiency. 

In June 1976 a repeat thoracotomy was performed. The 
pericardium was thickened, and exposure of the cardiac sur- 


face was very difficult because of dense adhesions. The peri- 





cardium was stripped away. The tricuspid anulus was mark- 

edly dilated, and a tricuspid anuloplasty was performed with 
a Carpentier ring. After surgery physical signs of right heart 
failure abated; the patient has continued to do well. 


Discussion 


_ Although many causes of constrictive pericarditis 
have been recognized,!! its appearance after cardiac 
‘surgery has not been well appreciated, and only several 
cases have been reported.** The failure to consider this 
possibility or the denial of its existence, or both, resulted 
jn premature death in two patients,®7 exploration for 
presumed prosthetic valve malfunction in another pa- 
tient’ and delay of pericardiectomy for 9 months in our 
second patient. Because of the associated clinical dis- 
ability and the relative ease of definitive surgical cor- 
rection, constrictive pericarditis deserves to be con- 
sidered more frequently in the differential diagnosis of 
d ht heart failure. 

Postoperative pericardial bleeding: open versus 
‘closed pericardium: The occurrence of constrictive 
pericarditis after cardiac surgery is perhaps less re- 
markable than the absence of this complication in the 
majority of postoperative cases. Cliff et al.!? demon- 
strated in a rabbit model that the combination of blood 
injected into the pericardial space and pericardial injury 
caused by air drying resulted in the formation of adhe- 
‘sions between the pericardium and epicardium. Similar 
pericardial i injury is probably unavoidable in patients 
undergoing cardiac surgery, although the occurrence of 
jintrapericardial blood may be affected by surgical 
technique. Douglas et al.!? reported 19 cases of post- 
operative tamponade; in all of these patients the peri- 
cardium had been left open. Others previously noted 
that when the pericardium was left open, clot was in- 
variably found around the heart if reoperation was 
performed for persistent bleeding.!^ Cunningham et 
al. 15 observed no tamponade after pericardial closure 
at the completion of open heart surgery and no intra- 

pericardial clot in the patients who required reoperation 
‘for excessive bleeding. Interestingly, far fewer pericar- 
dial adhesions were noted at the time of late reoperation 
in the patients whose pericardium had been closed. 
Thus, persistent postoperative bleeding most often 
comes from extrapericardial sites. An open pericardium 
- allows blood to drain into the pericardial cavity and clot. 
‘Primary pericardial closure appears to significantly 
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= Beck | procedure. Mich Med 65:624—626, 1966 

4. Kendall ME, Rhodes GR, Wolfe W: Cardiac constriction following 
aorta-to-coronary bypass surgery. J Thorac Cardiovasc Surg 
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decrease the incidence of intrapericardial blood accu- 
mulation. 

Other factors leading to pericardial constriction: 
Pericardial closure does not ensure that constrictive 
pericarditis will not develop. In our first patient the 
pericardium was closed, and hemodynamic abnor- 
malities of constrictive pericarditis were recognized only 
10 days later. Hemopericardium and subsequent con- 
striction may also develop in patients with nonpene- 
trating chest trauma whose pericardial integrity is not 
in question.1617 One report documented this compli- 
cation only 3 weeks after a 6 foot fall. Constrictive per- 
icarditis also occurred in a patient treated with antico- 
agulants after a myocardial infarction and was believed 
to be a late complication of Dressler's syndrome.!? In- 
terestingly, our first patient also probably had a Dress- 
ler's-type syndrome, with fever and elevated sedi- 
mentation rate responding to acetylsalicylic acid and 
asterile exudative reaction in the pleural space. Perhaps 
the reinstitution of anticoagulant therapy in this patient 
promoted bleeding from the inflamed serosa into the 
pericardial cavity. It should be emphasized that al- 
though this patient had the clinical and hemodynamic 
abnormalities of constrictive pericarditis, the pericar- 
dium was not as scarred as in the other two patients, and 
the pericardial space had not been obliterated. Thus, 
the spectrum of constrictive pericarditis may be broader 
than previously thought, with the fibrotic calcified 
pericardium representing the final stage. 

The interesting report by Bush et al.? may explain 
why constrictive pericarditis is not noted more fre- 
quently after cardiac surgery. A fluid challenge may be 
necessary to uncover the hemodynamic abnormalities 
caused by constrictive pericarditis. Thus it is possible 
that symptomatic patients believed to have myocardial 
failure after cardiac surgery might instead have occult 
constriction. However, the proper diagnosis in these 
patients would be apparent only after provocative fluid 
infusion. 

Constrictive pericarditis should be accepted as a 
possible complication of cardiac surgery. It may develop 
relatively acutely in the immediate postoperative period 
or several years after a successful operation. Because 
definitive surgical therapy for constrictive pericarditis 
is available, symptoms of congestive failure should be 
scrutinized closely for any possible relation to cardiac 
constriction. 
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A case of conjoined thoracopagous twins with a shared atrial myocardium 
who were successfully surgically separated is described. Twin B had 
hypoplastic right heart syndrome and was dependent on Twin A for oxy- 
genation of her blood. The twins were surgically separated by dilating Twin 
B's ductus arteriosus with an infusion of prostaglandin E4 and creating 
an aortopulmonary shunt to increase her pulmonary blood flow; both twins 
survived the operation. However, 1 week after surgery Twin B had hepatic 
and renal failure and died. : 


Conjoined twins who are joined at the chest wall and upper abdomen 
(thoracopagous type) have a high incidence of congenital heart defects 
and frequently share cardiovascular structures.! The extent of this 
sharing varies from only a common pericardial sac to joined atrial and 
ventricular tissue.? Previous attempts to.separate conjoined twins with 
union of the heart resulted in the death of one or both twins. The con- 
joined thoracopagous twins in this report had joined right atria. One twin 
had serious cyanotic congenital heart disease and was oxygenated largely 
by bidirectional shunting through the atrial communication with her 
sister. The cardiac evaluation, surgical separation and palliation of the 
congenital heart disease are described. Survival of both twins with shared 
cardiovascular structures after surgical separation has not previously 
been reported. 


Case Report 


Conjoined female thoracopagous twins were delivered by cesarean section to 
a primigravida 21 year old woman after her labor failed to progress (Fig. 1). The 
combined birth weight was 4,080 g and the gestational age 36 weeks. The children 
were joined from the upper sternum to the umbilicus, and the umbilical cord 
contained one vein and three arteries. An umbilical arterial catheter was posi- 
tioned in each twin, and the larger one (Twin A) was placed in oxygen with a 
fraction of inspired oxygen (FIO) of 0.40. The smaller twin (Twin B) was cya- 
notic and was administered oxygen at an FIO» of 0.80. The arterial oxygen sat- 
uration of Twin A varied from 90 to 95 percent and that of Twin B from 50 to 
60 percent. Neither patient was hypercarbic initially, although their respiration 
was often asynchronous, with resultant paradoxic diaphragmatic movement of | 
the opposite twin. Each child was attached to an electrocardiographic monitor 
and each umbilical arterial catheter attached to a pressure transducer. Simul- 
taneous QRS complexes and pressure impulses indicated that the twins shared 
myocardial tissue. Because of our concern that their clinical condition might 
worsen and necessitate emergency surgical separation, cardiac catheterization 
and angiographic studies were performed immediately. 

Cardiac catheterization and angiography: Cardiac catheterization in 
conjoined thoracopagous twins is complicated by poor access to the large vessels . 
usually used for insertion of the catheters and frequently also by a complex 
cardiac anatomy. In addition, posteroanterior fluoroscopy cannot be used ef- 
fectively because the X-rays must pass through the chest and hearts of both 
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FIGURE 1. The conjoined thoracopagous twins before surgical sepa- 
ration. They are joined from the upper sternum to the umbilicus. Twin 
B is on the left. 


infants, and the plethora of ribs and cardiac structures makes 
positioning of the catheter tip particularly difficult. Because 
of these difficulties the oximetry data listed in Table I are 
incomplete. The right atrial oxygen saturation in Twin B was 
much higher than that in her superior vena cava and was 
nearly equal to that in her aorta. Angiography demonstrated 
a large communication between the right atria of the twins 
(Fig. 2). No ventricular or great vessel communication between 
the infants was found. Twin A had a patent ductus arteriosus 
and an atrial septal defect demonstrated angiographically. 
Twin B had no right ventricle and no tricuspid or pulmonary 
valve, and the small pulmonary arteries filled only through 
a patent ductus arteriosus. À schematic diagram of the cardiac 
anatomy is shown in Figure 3. Further radiologic studies 
demonstrated separable bowel and urologic structures. The 
twins shared a wide bridge of liver tissue. 

Clinical course: The twins' condition was initially stable, 
and we planned to allow them to grow for 2 to 3 months before 
attempting surgical separation. Episodes of tachycardia with 
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FIGURE 3. Schematic diagram of the cardiac anatomy 
of the conjoined twins. Twin A had a patent ductus arte- 
riosus and an atrial septal defect. Twin B had hypoplastic 
right heart syndrome, with pulmonary blood flow supplied 
through a patent ductus arteriosus. The communication 
between the two right atria allowed bidirectional shunting 
of blood and allowed Twin A to assist the oxygenation of 
Twin B. Ao = aorta; IVC = inferior vena cava; LA = left 
atrium; LV = left ventricle; RA = right atrium; SVC = 
superior vena Cava. 
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CONJOINED THORACOPAGOUS TWINS—SYNHORST ET AL. 


FIGURE 2. Angiogram showing communication of the right atria of the 
twins. Twin B is on the right. The catheter passed from the inferior vena 
cava of Twin A through her right atrium and into the right atrium of Twin 
B. This communication allowed bidirectional shunting of blood between - 
the twins. 


ae 
TABLE 1! 


Oxygen Saturations Measured at Cardiac Catheterization — 
Oxygen Saturation. (% ) 


Twin A Breathing Twin B Breathing 
Location 30% Oxygen 80% Oxygen 
SVC RI 35 
RA 72 54 
RV 76 "T 
PA 86 
LA 91 
LV 88 De 
Ao i. 59 


Ao = aorta; LA = left atrium; LV = left ventricle; PA = pulmonary 
artery; RA = right atrium; RV = right ventricle; SVC = superior vena - 
cava. | 
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ventricular rates of 320 beats/min developed in Twin B while 
Twin A’s heart rate remained 160 beats/min (Fig. 4). The 
tachycardia indicated that the twins had separate ventricles, 
but it compromised Twin B’s blood pressure. The adminis- 
tration of digoxin ended the arrhythmia. At age 1 week the 
twins became hypercarbic, and the paradoxic movements of 

ir diaphragms no longer provided effective ventilation. We 
elected to attempt surgical separation before clinical deteri- 
oration made an emergency procedure necessary. 

- Surgical procedure: At the start of the surgical procedure 
to separate the twins, an umbilical arterial catheter was placed 
in Twin B and passed up the descending aorta to a position 
pet above the origin of the ductus arteriosus. An infusion of 

0.1 ug/kg per min of prostaglandin E; (Upjohn Company) was 
begun i in an attempt to dilate the ductus arteriosus and in- 
crease the pulmonary blood flow in the patient with pulmo- 
nary atresia.? The arterial partial pressure of oxygen increased 
from 22 to 47 mm Hg, and the abdomens and thoraxes were 
surgically separated. The intestine and liver were separated 
and the common Pericardial sac exposed. The sac was opened, 
revealing a communication 2 cm long and 1.2 cm in diameter 
between the two right atria. This communication was encir- 
cled and occluded to test the effect on Twin B’s oxygenation. 

The partial pressure of oxygen decreased only to 37 mm Hg; 

atrial communication was divided and the ends oversewn. 

The twins were taken to separate operating tables, and at- 
tention was directed to ensuring Twin B’s aortopulmonary 
communication. The subadventitia of the patent ductus ar- 
teriosus was infiltrated with a buffered 10 percent formalin 
solution to prevent its closure.* A shunt procedure was per- 
formed between the left pulmonary artery and the aorta using 
a piece of homograft vein obtained previously. After this 
procedure, the patient's aortic partial pressure of oxygen in- 
ereased to 60 mm Hg, and her cardiovascular status appeared 
stable. 

"The chest of Twin A was closed primarily, and her ab- 
dominal wall was closed using a small piece of reinforced 
Silastic®. Twin B had inadequate chest wall and skin for clo- 
sure, and a methylmethacrylate breast plate was constructed 
and sewn to the anterior chest wall and diaphragm. Her 
abdomen was closed with a large piece of reinforced Silastic. 
The prostaglandin infusion in Twin B was discontinued, and 
both infants were transferred to the intensive care unit for 
postoperative management. 

_ Postoperative course: Twin A’s postoperative course was 

largely uncomplicated, and the secondary closure of the ab- 

lominal wall was accomplished 10 days after the initial op- 

gestion. She was acyanotic and had. normal auscultatory 
ings and no cardiomegaly on X-ray examination. 

The postoperative course of Twin B was complicated by 
enal and hepatic failure after operation and by large losses 
f fluid and protein from her wounds. Edema developed and 
lopamine was required to support the blood pressure. Renal 
ailure persisted despite the administration of dopamine and 
epeated doses of furosemide. The patient had no cardio- 
negaly, although her central venous pressure remained 20 to 
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FIGURE 4. Lead Ill electrocardiogram recorded from Twin 

A while her arterial pulse rate was 160 beats/min and 

Twin B's pulse was 320 beats/min. The paper speed was 

25 mm/sec. The QRS complexes (rate 159 beats/min) 

were believed to represent depolarization of the ventri- 

n of both twins, and the S complexes arose from Twin 
alone. 





25 mm Hg. The partial pressure of oxygen remained 40 to 45 
mm Hg, indicating that the aortopulmonary shunts were 
functioning adequately. Seven days after surgical separation, 
en seny had an episode of ventricular fibrillation and 
ie 
Discussion 

Ninety percent of conjoined thoracopagous twins 
have a common pericardium, and 75 percent have con- 
joined hearts.” Cardiovascular evaluation must deter- 
mine the extent to which the hearts are joined and the 
cardiac anatomy of each twin. If only pericardium is 
shared, the hearts should be readily separable, whereas 
if ventricular tissue is shared, both twins cannot survive 
if the hearts are divided. It is possible that joined atria 
without joined ventricular myocardium may be divided 
with survival of both patients. Twins who share only 
pericardium have electrocardiographic complexes that 
occur at different times and rates. If the infants share 
atrial or ventricular tissue, their hearts depolarize si- 
multaneously and the QRS complexes and arterial 
pulsations coincide. However, if only an atrial connec- 
tion is present, a premature ventricular contraction in 
one infant will not affect the electrocardiogram or ar- 
terial pulse waveform of the other.® Similarly, differ- 
ences in atrioventricular conduction in the two infants 
may cause different ventricular rates if no ventricular 
tissue is shared. In our two patients, separation of the 
ventricular chambers was demonstrated angiographi- 
cally, and differing ventricular rates in response to su- 
praventricular tachycardia demonstrated that they did 
not share ventricular myocardium. 

Hypoplastic right heart syndrome in Twin B: The 
manner in which Twin B was oxygenated was complex. 
The absence of a right ventricle indicated that she had 
to have right to left atrial shunting of blood. However, 
a 19 percent increase in oxygen saturation between her 
superior vena cava and right atrium indicated that more 
highly oxygenated blood was being added to her mixed 
venous blood. Anomalous pulmonary venous drainage 
was ruled out angiographically. The oxygenated blood 
was supplied by bidirectional shunting between the 
right atria of the two infants. This process is analogous 
to bidirectional shunting between the right and left 
atrium in a patient with simple transposition of the 
great vessels. The oxygen saturation between the right 
atrium and aorta of Twin B increased only 5 percent 
further, suggesting that the atrial communication with 
Twin A was the major source of oxygenation for Twin 
B. It appeared that surgical separation of the twins 
would probably drastically decrease the ability of Twin 
B to oxygenate her systemic blood unless Ber Btbonary 


blood flow could be increased. The infusion of prosta- 
glandin E; near the aortic origin of the ductus arteriosus 
in Twin B produced an increase in aortic partial pres- 
sure of oxygen from 22 to 47 mm Hg, presumably as a 


result of ductal dilatation and increased pulmonary 


blood flow. VE 
Surgical problems: A major problem in surgically 
dividing conjoined thoracopagous twins is that skin, 
chest and abdominal wall are insufficient to close the 
anterior chest and abdomen of both infants. If one twin 
is sacrificed, the skin and body wall incision can include 
enough tissue from the sacrificed twin to provide closure 
of the other. Because the twins are genetically identical, 
no immunologic rejection occurs, and skin covering 
greatly reduces the risk of postoperative infection. Twin 
A had only minor cardiac anomalies and was believed 
to have a considerably better prognosis for survival after 
separation than Twin B. We did not believe that Twin 
B should be sacrificed because under ordinary circum- 
stances her heart condition would be palliated by an 
aortopulmonary shunt. We made the initial skin incision 


CONJOINED THORACOPAGOUS TWINS 


2.5 cm on Twin B's side of the midline between the in- 
fants and attempted to palliate Twin B’s hypoplastic 
right heart syndrome. However, her prognosis was 
compromised by the donation of skin to Twin A. . 
Pathologic examination: Microscopic examination 
revealed that the bridging tissue between the right atria 


of the two infants was myocardial tissue. Postmortem 
- examination of the heart of Twin B revealed dextro- 


cardia, hypoplastic right heart syndrome, persistent 
drainage of the left superior vena cava to the coronary 
sinus and an atrial septal defect. The formalinized 
ductus arteriosus was almost closed at its aortic origin. — 
The vein graft joining the aorta and left pulmonary ar- 
tery was patent and had an internal diameter of 4mm 
at its narrowest point. The death of Twin B was at- 
tributed to severe cardiac and hepatic failure. 

In this case of thoracopagous twins, preoperative 
cardiac evaluation demonstrated a parasitic relation 
between the conjoined twins and allowed palliation of - 
the dependent twin’s cardiac disease so that both twins 
could be surgically separated and survive. 
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EDITORIALS 


Right Ventricular Infarction Revisited* 


JAY N. COHN, MD, FACC 


Minneapolis, Minnesota 


Hemodynamic monitoring of patients with acute 
myocardial infarction has gained in popularity in recent 
years because physicians have found that it aids them 
in making therapeutic decisions. The detection of un- 
suspected volume depletion or unexpectedly severe left 
ventricular dysfunction occurs commonly enough to 
rescue patients from inappropriate use of diuretic drugs 
or delayed recognition of pump failure, and quantitative 
assessment of the response to therapy provides the basis 
for rational, precise and aggressive management of se- 
vere pump dysfunction. 3 

Most new procedures that gain wide clinical use lead 
to the detectren. of previously unrecognized clinical 
syndromes. Such is the case for the syndrome of pre- 
dominant right ventricular failure that occurs in some 
patients with right ventricular infarction. Since our 
description of this syndrome in 1975,! clinical experi- 
ence has been reported from several institutions, newer 
noninvasive techniques have been employed to assist 
- in the diagnosis, and a new effort has been made at 
— clinicopathologic correlation. This flurry of interest in 
the syndrome relates in large part to the therapeutic 
implications of separating patients with right ventric- 
ular dysfunction from the more usual clinical presen- 
tation of left ventricular dysfunction complicating acute 
myocardial infarction. 


Incidence of Right Ventricular Infarcts 


In a recent report i in this Journal,? Isner and Roberts 


reviewed in detail the autopsy findings in 236 patients 
with acute or healed myocardial infarcts in order to gain 
some insight into the frequency and significance of right 


ventricular infarction. As in all such necropsy studies 


the data are influenced by the faet that analysis is lim- 
ited to non-survivors, and especially in this report from 
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the National Heart, Lung, and Blood Institute one 
cannot be assured that the hearts represent a random 
selection of clinical material. 

Nonetheless, this careful analysis precisely confirmed 
an earlier autopsy study bv Wartman and Hellerstein? 
revealing that 14 percent of patients with left ventric- 
ular infarcts exhibited involvement of the right ven- 
tricular free wall. Furthermore, Isner and Roberts noted 
that right ventricular infarcts occurred only when there 
was coexistent transmural infarction involving the left 
ventricular posterior wall and septum. Indeed, 24 per- 
cent of patients with posterior wall infarcts had coex- 
istent right ventricular involvement. Isolated infarction 
of the right ventricle, found by Wartman and Heller- 
stein? to occur in 3 percent of patients, was not noted 
in the Isner-Roberts series and may not be found when 
care is taken to eliminate subjects with primary pul- 
monary vascular or right ventricular disease. 

À recent study using radionuclide imaging of infarcts 
revealed an even greater incidence of right ventricular 
involvement. Wackers et al.4 reported in this Journal 
that 37.5 percent of patients with acute inferior infarcts 
and positive technetium-99m pyrophosphate scans 
exhibited uptake in the area of the right ventricle. Al- 


though the specificity of this finding has not been es- 


tablished, these data as well as the anatomic studies 
indicate that posteroinferior infarcts very commonly 
involve the free wall of the right ventricle. 


| Incidence of Predominant Right 
Ventricular Dysfunction 


Our initial observations suggested that the syndrome 
of predominant right ventricular dysfunction in the 
setting of acute myocardial infarction could be defined 
by a right atrial pressure as high or higher than the si- 
multaneously measured pulmonary arterial wedge 
pressure or left ventricular end-diastolic pressure. 
Clinically, the syndrome could be suspected when ve- 
nous hypertension coexisted with clear lung fields. 

The true incidence of this hemodynamic derange- 
ment in patients with acute myocardial infarction is 
difficult to ascertain. In our original series we recognized 
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6 of 78 patients with this syndrome, an incidence rate 
of 8 percent that we suspected was too high because of 
the tendency to select patients with evidence of heart 
failure for hemodynamic study. In this issue of the 
Journal, Lorell and his colleagues? report their retro- 
spective analysis of data from 306 patients with acute 
myocardial infarction seen over a period of 7 years at the 
Massachusetts General Hospital. They found that eight 
of these patients fulfilled the clinical and hemodynamic 
criteria for predominant right ventricular failure, an 
incidence rate of 2.6 percent. However, this is probably 
an underestimate of the true incidence because hemo- 
dynamic studies were not performed in all the patients, 
and suspicion of the syndrome was therefore based 
largely on clinical bedside observations, which may be 
quite insensitive. Bie 

It thus appears that the incidence rate of predomi- 
nant right ventricular dysfunction in all patients with 
acute myocardial infarction lies somewhere between 3 
and 8 percent. One would expect a larger incidence in 
diaphragmatic infarcts. Nonetheless, anatomic evi- 
dence of right ventricular infarction probably is several 
times more frequent than the hemodynamic derange- 
ment. Indeed, in the Isner and Roberts series four pa- 
tients with necropsy evidence of right ventricular in- 
farction had undergone right heart catheterization but 
only one exhibited predominant right ventricular dys- 
function. i 


Mechanism and Differential Diagnosis of the- 
Hemodynamic Abnormality 


The syndrome of predominant right ventricular 


dysfunction observed in at least some patients with 
right ventricular infarcts makes the conclusion ines- 
capable that right ventricular damage may lead to right 
ventricular failure but does not always do so. It is well 
known that circulatory homeostasis can be maintained 
in the absence of a functioning right ventricle as long as 
the left ventricle and pulmonary vasculature are nor- 
mal.’ Even so, experimental necrosis of the free wall of 
the right ventricle reduces its capacity to handle a vol- 
ume load.5 When the resistance to left ventricular filling 
is increased, because of either a high left ventricular 
filling pressure or increased pulmonary vascular resis- 
tance, then the pumping ability of the right ventricle 
becomes important in maintaining cardiac output. 
Under these circumstances right ventricular free wall 
infarction, especially when combined with septal in- 
farction (which apparently always coexists in the clinical 
disease), may eventuate in the syndrome of predomi- 
nant right ventricular dysfunction. | ! 
Although the observations of Wackers et al.* sug- 
gested that the degree of right ventricular involvement 
was a factor in the severity of the right ventricular 
functional deficit, Isner and Roberts? could not confirm 
that in their series. Many other factors may contribute 
to the development of right ventricular pump dys- 
function, including the severity of ischemia and in- 
farction of the left ventricle and its compliance, the 
pulmonary vascular resistance, the site and density of 
the right ventricular infarct, the systolic movement of 
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the septum and the function of the tricuspid and mitral 
valves. Therefore, it would be unlikely that the ex- 
tensiveness of right ventricular involvement alone would 
be a precise index of the degree of hemodynamic ab- 
normality observed. | 
The hemodynamic findings in right ventricular in- 
farction may be mistaken for other clinical events. Our 
initial experience was attained before the advent of - 
balloon flotation catheterization of the right heart when ' 
we were using bedside left ventricular catheterization 
to assess left ventricular filling pressure.? The pre- 
dominant elevation of right atrial pressure as compared 
with left ventricular end-diastolic pressure immediately 
suggested the diagnosis of pulmonary embolism.!? Re- — 
cording of pulmonary arterial pressures should allow — 
fairly accurate distinction between right ventricular - 
infarction and pulmonary embolism. Lorell et al.? now 
show the similarity between the hemodynamics of right — 
ventricular infarction and constrictive pericarditis, a . 
confusion that led to inappropriate exploratory surgery — 
in one patient. The hemodynamic similarity is not - 
surprising, since filling pressures of the two ventricles ' 
nearly equalize in the absence of an, effective right — 
ventricular contraction and the failure of inspiratory - 
augmentation of right ventricular output could produce — 
pulsus paradoxus.!! ! 
Fortunately, newer diagnostic techniques should . 
contribute to more sensitivity and precision in the di- . 
agnosis of right ventricular infarction Times and Roberts — 
noted that right ventricular dilatation appeared to be 
the most specific anatomic feature in patients with right 
ventricular infarcts, and echocardiography, right atrial — 
cineangiography and multiple gated blood pool imaging — 
have been described as being useful in the differential — 
diagnosis.*®!? t 


Therapeutic Implications 


. The value of recognizing the patient with predomi- 
nant right ventricular dysfunction is related not only 
to instituting appropriate therapy for severe pump - 
failure but also to avoiding inappropriate therapy. The - 
recognition of venous engorgement in this setting usu- — 
ally leads the physician to administer a potent diuretic 
agent. Such therapy is probably contraindicated if the 
pulmonary wedge pressure is not greatly increased and - 
left ventricular filling is largely dependent on passive . 
flow from the distended right heart. 

If severe pump failure is present, urgent therapy is - 
needed. Hypotension and heart block usually accom- 
pany this severe syndrome. The goal of therapy isto 
increase left ventricular output, which requires 
achieving a greater flow into the left ventricle without 
benefit of a strong right ventricular contraction. Pul- 
monary vascular resistance must be minimized by 
maintaining good oxygenation. Judicious use of plasma 
volume expanders, as noted in our original report,! may 
augment left ventricular input by increasing the pres- 
sure gradient favoring passive flow through the lungs 
as well as by possibly increasing the force of right atrial 
contraction. Agents that augment systolic left ventric- — 
ular emptying, such as sodium nitroprusside, dopamine 
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or dobutamine, not only directly affect left ventricular 
output but also encourage passive left ventricular filling 
in this syndrome. These latter agents are most effective 
when there is a considerable degree of left ventricular 
dysfunction as well. 
Prognosis | 

— . Data are still too scanty to allow for a detailed analysis 
of the mortality rate in right ventricular infarction. It 
is clear that many patients with right ventricular in- 
volvement have an uneventful recovery with no overt 
evidence of right ventricular dysfunction. Those with 
_mild right ventricular dysfunction also appear to have 
a benign course. The full-blown syndrome of pump 
failure due to predominant right ventricular dysfunc- 
tion has a higher mortality, but perusal of the data so 
- far available suggests that even in patients with shock 
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the mortality rate is lower than it would be in patients 
with comparable pump failure on the basis of left ven- 
tricular infarction. It is likely that ultimate survival 
depends on the extensiveness of left ventricular disease 
and this may be only moderate because severe ob- 
structive disease may be confined to the right coronary 
artery. Consequently, aggressive support during the 
acute phase in this syndrome may be rewarded with a 
better long-term result than is the common experience 
in management of left ventricular pump failure. 

Although the natural history of right ventricular in- 
farction has not yet been clearly defined, the anatomic, 
physiologic, diagnostic and therapeutic aspects of the 
disease are understood. The rapid evolution of our un- 
derstanding of this syndrome represents another ex- 
ample of the value of application of physiologic princi- 
pa to the OEN of acutely ill paupe 
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Importance of Clinical Assessment in | Selecting Patients for 
Pulmonary Arteriography 
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A recent report! indicates an exceedingly high incidence 


rate (73 percent) of negative pulmonary arteriograms 
in patients with suspected pulmonary embolism. All of 


these patients had a “suitable clinical history," hy- 
poxemia and positive perfusion scans. In view of this 
apparent failure of clinical evaluation and noninvasive 
tests, it was concluded that overdiagnosis and over- 
treatment can be avoided only with wide use of pul- 

monary arteriography. The clear implication was that 
pulmonary embolism can be neither identified with 
reasonable certainty nor excluded in a vast majority of 
suspected instances unless pulmonary arteriograms are 
performed. It was suggested that “the emperor has no 


clothes." We strongly disagree. We believe that the 


clinical manifestations of pulmonary embolism are now 
sufficiently recognizable to permit a correct presump- 
tive diagnosis or a correct exclusion in a large majority 
of patients. We believe that an incidence rate of 70 to 


80 percent of negative pulmonary arteriograms in pa-- 


tients with suspected pulmonary embolism reflects a 
serious underevaluation of the important clinical 
manifestations of pulmonary embolism. Although the 
signs and symptoms of pulmonary embolism are non- 
specific, the manifestations, when considered as a group, 
form a set of syndromes that are strongly suggestive. 
Conversely, the absence of key clinical features is strong 
evidence for exclusion. The purpose of this communi- 
cation is to suggest that the clinical manifestations, 
when carefully and fully evaluated, are sufficiently 
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typical of acute pulmonary embolism to permit a judi- 
cious selection of patients for pulmonary arteriography 
and thus reduce the reported incidence of negative 
pulmonary arteriograms. 


Evaluation of Clinical Manifestations 


The most typical diagnostic feature of acute pul- 
monary embolism is the sudden and unexplained onset 
of severe dyspnea. This single historical point is highly 
suggestive of acute pulmonary embolism. The absence 
of this symptom is a strong argument against the di- 
agnosis. Hemoptysis and friction rub, which are mani- — 
festations of pulmonary infarction, are absent in more 
than 70 percent of patients with acute pulmonary em- 
bolism? and are more often absent with massive than 
with submassive embolism.? 

Deep venous thrombosis is a highly suggestive pre- 
disposing factor because acute pulmonary embolism | 
is associated with thrombi of the lower limbs in the vast — 
majority of patients. Nevertheless, an absence of — 
symptoms or signs of deep venous thrombosis by no - 
means excludes the diagnosis because clinical mani- — 
festations of deep venous thrombosis are absent in more — 
than half of patients with massive acute pulmonary - 


 embolism.? However, factors that predispose to deep | 


venous thrombosis are almost invariably present. | 
Prolonged immobility, bed rest, congestive heart failure, — 
a recent operative procedure, chronic debilitating dis- | 
ease, fracture of the leg or pelvis, pregnancy, long au- | 
tomobile rides and oral contraceptive agents are pre- - 
disposing factors that are expected among the constel- _ 
lation of factors necessary for a clinical diagnosis.? The — 
absence of predisposing factors is unusual, and when — 
this is the case, diagnosis of pulmonary embolism is in 5 | 
question. ‘4 


* Editorials published by the Journal reflect the views of the authors and do not necessarily 
represent the views of the Journal or of the American College of Cardiology. 
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The respiratory rate in acute pulmonary embolism 
is usually increased (greater than 16/min).24 A normal 
respiratory rate decreases the likelihood that major 
pulmonary embolism has occurred. The signs of acute 
cor pulmonale, if present, are supportive of the diag- 
nosis. These may include a prominent A wave visible in 
the neck veins, a right ventricular impulse, a right 
ventricular third or fourth sound and an accentuated 
pulmonary component of the second heart sound. A 
- friction rub, if present, suggests the complication of 
. pulmonary infarction. 
The chest roentgenogram is strongly suggestive of 
pulmonary embolism if it is normal in a severely dys- 
pneic patient. A dome of the diaphragm may be ele- 
vated. A localized radiodensity may represent pulmo- 
nary infarction, and a small effusion may accompany 
the infarction. Large pleural effusions are rare in 
pulmonary embolism and suggest another disease 
process. 
_ The electrocardiogram may be strongly supportive 
of the clinical diagnosis of acute pulmonary embolism. 
The most frequent abnormality is a nonspecific change 
of the S- T segment or T wave that occurs in more than 
40 percent of patients with massive or submassive acute 
pulmonary embolism.? Even minor changes of the S-T 
segment or T wave are supportive of the diagnosis. A 
normal electrocardiogram is uncommon in acute pul- 
monary emboheq and is found in only 6 percent of pa- 
tients with massive pulmonary embolism and 23 percent 
with submassive embolism. Complete right bundle 
branch block, right axis deviation, an S4Q4T pattern 
or P pulmonale occurs in approximately one third of 


patients with massive or submassive pulmonary em- 


bolism.° Left axis deviation is found as frequently as 


right axis deviation in acute pulmonary embolism, and 


therefore does not exclude the diagnosis.® 

— The partial pressure of oxygen in arterial blood, if 
it is low, is evidence in favor of pulmonary embolism.® 
It is not generally recognized, however, that the partial 
pressure of oxygen in the arterial blood of elderly 


subjects is often low. Normal arterial oxygen levels may - 


occur in patients with submassive pulmonary embolism 
and rarely in patients with massive embolism. 

— A negative nuclear lung scan excludes the diagnosis 
of clinically important pulmonary embolism. In a pa- 
tient free of cardiac or pulmonary disease, an abnormal 
perfusion lung scan is strongly suggestive of pulmonary 
embolism. However, many disorders can cause abnor- 
malities of pulmonary perfusion. These include chronic 
obstructive pulmonary disease, pneumonia, asthma, 
atelectasis, pulmonary congestion, mitral stenosis (even 
in the absence of chest X-ray evidence of pulmonary 
congestion), lung resection, carcinoma of the lung, 
pulmonary arteriovenous fistula, pleural effusion, and 
no doubt others. A perfusion scan that shows multiple 


segmental defects in regions that are normal in a ven- 


tilation scan greatly increases the probability of pul- 
monary embolism.? 

_ Faithful and understanding evaluation of the signs, 
symptoms, predisposing factors and plain chest roent- 
genograms, in combination with the prudent use of ar- 


terial oxygen levels and lung scans, permits one to es- 
tablish a diagnosis of pulmonary embolism with rea- 
sonable assurance in many patients. Conversely, the 
absence of important clinical manifestations, particu- 
larly sudden unexplained dyspnea, makes the diagnosis 
of acute pulmonary embolism unlikely. What, then, is 
the role of pulmonary arteriography? 
Role of Pulmonary Arteriography 

Indications: Pulmonary arteriography is useful to 
verify the diagnosis of pulmonary embolism in patients 
who have clear clinical manifestations of the syndrome. 
The risks of treatment with thrombolytic agents, infe- 
rior vena caval interruption and pulmonary embolec- 
tomy are sufficient to require that the diagnosis be 
firmly éstablished before the initiation of therapy; and 
arteriography is the most definitive diagnostic proce- 
dure. In patients with clear clinical manifestations and 
an abnormal lung scan in the absence of cardiac or 
pulmonary disease, it is reasonable to treat with anti- 
coagulant agents without performing pulmonary arte- 
riograms. If invasive or thrombolytic therapy is con- - 
templated, then pulmonary arteriography is mandatory. 
If the diagnosis is questionable after careful evaluation 
of the clinical manifestations, then arteriography is 
indicated. On the other hand, if the clinical manifesta- 
tions do not suggest pulmonary embolism, as, for ex- 
ample, the gradual exacerbation of dyspnea in a patient 
with chronic obstructive pulmonary disease, then pul- 
monary arteriography is not indicated. 

Errors in interpretation: Even though pulmonary 
arteriography is the most definitive diagnostic proce- 
dure, it too is subject to errors of interpretation that 
relate to technique as well as to the time of occurrence 
of embolism relative to the arteriogram. Thromboem- 
boli undergo lysis and fragmentation, but the time re- 
quired for resolution is not clearly established. In dogs 
with pulmonary embolism induced with freshly formed 
clots, considerable lysis and fragmentation occurred 
within 24 hours.? In patients, noticeable resolution has 
been observed within 24 hours and complete resolution 
of massive thromboemboli has been observed within 2 
weeks.? Therefore, pulmonary arteriograms obtained 
within days after the onset of symptoms would be of the 
most assistance in reaching a correct diagnosis. When 


, performed after a long delay, the pulmonary arterio- 


gram is likely not to be diagnostic. 

Demonstration of small pulmonary emboli: 
Thromboemboli that are too small to occlude major 
branches of the pulmonary artery frequently cannot be 
visualized clearly after an injection in the main pul- 
monary artery. Selective injections in the right or left 
pulmonary artery are necessary in this situation. If vi- 
sualization remains unclear, injection in distal segments, 
sometimes using cineangiography rather than cut films, 
may be helpful.!? To demonstrate very small emboli, 
wedge arteriograms may be useful. With this technique, 
pulmonary emboli in vessels less than 2 mm in diameter 
have been demonstrated.!! 'Thus, the yield from pul- 
monary arteridgraphy relates to the persistence of the 
arteriographer, the selectivity of injections and the 





/ 


quality of the filming technique. For satisfactory pul- 
monary arteriography, the patient must be able to re- 
*main immobile and withstand the discomfort of a suf- 
ficient number of injections to allow complete definition 
of the arteriographic features. In patients with massive 
pulmonary embolism, the diagnosis can be established 
from arteriograms obtained during the first injection 
in the main pulmonary artery. In contradistinction, in 
patients with symptomatic pulmonary disorders of 
other etiology, in whom an effort is being made to ex- 
clude associated but unlikely pulmonary embolism, 
multiple selective and superselective injections may be 
required. | 
Risks: The risk of pulmonary arteriography is low (2 
to 4 percent morbidity).^!? Nevertheless, pulmonary 
arteriography, in our judgment, should not be used to 
*rule out" pulmonary embolism when clinical assess- 
ment may suffice. A physician must not feel obligated 
to perform a pulmonary arteriogram to exclude pul- 
monary embolism that is improbable on the basis of the 
clinical presentation. The yield of useful information 
under such circumstances is low and the complexity and 
associated discomfort of an extended procedure 
searching for minute emboli lead to an increased and 
unjustified risk of morbidity from the procedure. 


EDITORIALS - 4 


The presence of a localized and otherwise unex- 
plained perfusion defect in the lung scan of a patient 
with prominent pulmonary disease does not in our 
judgment invalidate the clinical evaluation of the pa- 


tient. Numerous injections of contrast material would 


be required to arrive at a negative arteriographic diag- 
nosis in such patients. Nonspecific arteriographic ab- 
normalities, such as an absence of fine branching, and 
regional hypoperfusion are of no value in the presence 
of preexisting pulmonary disease. An important 
practical issue is that the patient, ill from another active — 
disease process, often cannot be sufficiently cooperative — 
to undergo the numerous injections necessary for an 
adequate examination. 


Conclusions 


In our judgment, pulmonary arteriography should not 
be used to exclude pulmonary embolism when the 
clinical manifestations can reasonably exclude the di- 
agnosis. We suggest that there are clinical manifesta- 


4 


tions of pulmonary embolism upon which one may rely | 


with enough assurance to permit a judicious selection 
of patients for pulmonary arteriography and thereby 
reduce the prevalence of negative pulmonary arterio- 
grams with their attendant morbidity. 
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EDUCATION UPDATE 


Adult Cardiovascular Training Programs 
In the United States 


This listing is provided as a service to physicians by the 
American College of Cardiology 


State/City/Zip Code 


ALABAMA 
Birmingham 35234 
Birmingham 35205 
Birmingham 35294 
Birmingham 35294 


ARIZONA 
Phoenix 85062 
Phoenix 85008 
Phoenix 85008 
Phoenix-850 13 
Tuscon 85724 
Tuscon 85723 
Tuscon 85723 


ARKANSAS 
Little Rock 72201 
Little Rock 72206 


CALIFORNIA 
Davis 95616 
Fresno 93702 
Loma Linda 92354 
Loma Linda 92357 
Long Beach 90801 
Long Beach 90814 
Los Angeles 90048 
Los Angeles 90017 
Los Angeles 90027 
Los Angeles 90033 
Los Angeles 90059 
Los Angeles 90057 
Los Angeles 90024 
Los Angeles 90073 
Los Angeles 90033 
Martinez 94553 
Oakland 94611 
Orange 92668 
Long Beach 90822 
Pasadena 91105 
San Diego 92103 
San Diego 92134 
San Diego 92103 
San Diego 92103 
San Francisco 94129 


Hospital/Institution * 


Carraway Methodist Medical Center 

St. Vincents Hospital 

University of Alabama Medical Center 
Veterans Administration Hospitalt 


Good Samaritan Hospital 
Maricopa County General Hospital 
St. Luke's Hospital and Medical Center 


St. Joseph's Hospital and Medical Center 


University of Arizona Health Sciences Center 
University of Arizona/Veterans Administration Hospital* 
- Southern Memorial Hospital, Las Vegas/University Hospital- 
Veterans Administration Hospital* - 


University of Arkansas for Medical Sciences 
Veterans Administration Hospital 


University of California Davis Medical Center, Sacramento 
Valley Medical Center of Fresno 
Loma Linda University School of Medicine 
Jerry L. Pettis Memorial Veterans Administration Hospital 
Memorial Hospital Medical Center 
St. Mary's Medical Center 
Cedars-Sinai Medical Center 
Hospital of the Good Samaritan Medical Center 
Kaiser Foundation Hospital 
Los Angeles County-University of Southern California Medical Center 
Martin Luther King, Jr., General Hospital 
St. Vincents Medical Center$ 
UCLA Center for the Health Sciences 
Wadsworth Veterans Administration Hospital 
White Memorial Medical Center 
Veterans Administration Hospital 
Kaiser Foundation Hospital 
University of California-Irvine Medical Center 
Veterans Administration Hospital 
Huntington Memorial Hospital 
Mercy Hospital and Medical Center 
Naval Regional Medical Center 
University of California Medical Center vers Hospital) 
Veterans Administration Hospital 
Letterman Army Medical Center 
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Cardiology 
Positions 
1978-1979 
vailable 


No Response 
No Response 
14 


(3) 
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No Response 
8 


* Unless otherwise indicated, all hospitals and institutions listed have accredited residencies in internal medicine. 


t The numbers in parentheses indicate that 3 of the 14 positions listed above are financed by the Veterans Administration Hospital. 
t The numbers in parentheses indicate the number of fellows of the parent organization who train here. 

$ No accredited residency in internal medicine. — 

Address for reprints: American College of Cardiology, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
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Cardiology 
Positions 
| 1978-1979 
State/City/Zip Code Hospital/Institution* — Filled Available 
CALIFORNIA | 
San Francisco 94120 Mount Zion Hospital & Medical Center 
San Francisco 94120 Presbyterian Hospital of Pacific Medical Center 
San Francisco 94110 San Francisco General Hospital 
San Francisco 94117 St. Mary's Hospital & Medical Center 
San Francisco 94143 University of California, San Francisco-Moffitt Hospital 
San Francisco 94118 U.S. Public Health Service Hospital 
San Francisco 94121 Veterans Administration Hospital 
San Jose 95128 Santa Clara Valley Medical Center 
Sepulveda 91343 UCLA-San Fernando Valley Medical Program 
Sepulveda 91405 Olive View Medical Center 
Sepulveda 91343 Veterans Administration Hospital 
Stanford 94305 Stanford University Hospital 
Palo Alto 94304 Palo Alto Veterans Administration Hospital’ 
Torrance 90509 Harbor General Hospital 


COLORADO 
Denver 80240 Fitzsimons Army Medical Center 
Denver 80203 St. Luke's Hospital. 
Denver 80262 University of Colorado Medical Center 
Denver 80262 Colorado General - 
Denver 80204 Denver General Hospital 
Denver 80262 General Rose 
Denver 80220 Veterans Administration Hospital 
CONNECTICUT  . 
Bridgeport 06602 Bridgeport Hospital 
Bridgeport 06606 | St. Vincent's Medical Center 
Farmington 06032 University of Connecticut 
Farmington 06032 John Dempsey Hospital 
Farmington 06032 New Britain General Hospital 
Farmington 06032 Newington Veterans Administration Hospital 
Hartford 06115 Hartford Hospital 
Hartford 06112 Mount Sinai Hospital 
Hartford 06105 St. Francis Hospital & Medical Center 
New Haven 06511 Hospital of St. Raphael 
New Haven 06510 Yale University School of Medicine 
West Haven 06516 Veterans Administration Hospital RA YHA 
Norwalk 06856 Norwalk Hospital 2 
Waterbury 06720 St. Mary's Hospital i; No Response 
Waterbury 06720 Waterbury Hospital | 1 


DELAWARE 
Wilmington 19805 Veterans Administration Hospital No Response 

DISTRICT OF COLUMBIA 
Washington, D. C. 20003 D. C. General Hospital 
Washington, D. C. 20003 Georgetown Cardiology Service 
Washington, D. C. 20003 Howard University 
Washington, D. C. 20007 Georgetown University Hospital 
Washington, D. C. 20037 George Washington University Medical Center 
Washington, D. C. 20060 Howard University Hospital 
Washington, D. C. 20017 Providence Hospital 
Washington, D. C. 20422 Veterans Administration Hospital 
Washington, D. C. 20012 Walter Reed Army Medical Center 
Washington, D. C. 20010 Washington Hospital Center 

FLORIDA | 
Gainesville 32610 University of Florida College of Medicine 
Gainesville 326 10 Shands Teaching Hospital 
Gainesville 3260 1 Veterans Adminsitration Hospital 
Jacksonville 32209 University Hospital of Jacksonville 
Miami 33101 University of Miami School of Medicine | 
Miami 33152 Jackson Memorial Hospital 
Miami 33152 University of Miami Hospital and Clinics 
Miami 33152 Veterans Administration Hospital 
Miami Beach 33140 Mt. Sinai Medical Center 
Pensacola 32501 Baptist Hospital No Response 
Tampa 33612 University of South Florida College of Medicine 6 
Tampa 33606 Tampa General 

. Tampa 33614 Veterans Administration Hospital 
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* Unless otherwise indicated, all hospitals and institutions listed have accredited residencies in internal medicine. 
t The numbers in parentheses indicate the number of fellows of the parent organization who train here. 
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Cardiology 
Positions 
1978-1979 


State/City/Zip Code Hospital/Institution * Filled Available 


GEORGIA 
Atlanta 30303 Emory University School of Medicine 
Atlanta 30303 Crawford W. Long Hospital 
Atlanta 30322 Emory University Hospital 
Atlanta 30303 Grady Memorial Hospital 
Decatur 30033 Veterans Administration Hospital 
Atlanta 30312 Georgia Baptist Medical Center 
Augusta 30901 Medical College of Georgia 
Augusta 30902 Eugene Talmadge Memorial Hospital 
Augusta 30904 Veterans Administration Hospital 

HAWAII 
Honolulu 968 13 


ILLINOIS 

Chicago 60680 
Chicago 606 14 
Chicago 606 12 
Chicago 606 16 
Chicago 60616 
Chicago 60608 
Chicago 60611 
Chicago 606 12 
Chicago 606 12 
Chicago 606 12 
Chicago 60637 
Chicago 606 12 
Evanston 60202 
Maywood 60153 
Hines 60141 -* 
North Chicago 60064 


ho 
N 


Queen's Medical Center 


Abraham Lincoln School of Medicine 

Columbus Hospital 

Cook County Hospital 

Mercy Hospital and Medical Center 

Michael Reese Hospital and Medical Center 

Mount Sinai Hospital Medical Center 

Northwestern University Medical Center 

Rush-Presbyterian St. Luke's Medical Center 
Sheridan Road Pavilion 
Johnston R. Bowman 

University of Chicago Medical Center 

Veterans Administration West Side Medical Center 

St. Francis Hospital 

Loyola University Stritch School of Medicine 
Veterans Administration Hospital 

Chicago Medical School 

North Chicago 60064 Veterans Administration Hospital 

Oak Lawn 60453 Christ Hospital 

Peoria 61603 St. Francis Hospital No Response 


INDIANA 
Indianapolis 46202 
Indianapolis 46202 
Indianapolis 46260 


IOWA 
Des Moines 50308 
lowa City 52242 
lowa City 52240 


KANSAS 
Kansas City 66103 


KENTUCKY 
Lexington 40506 
Lexington 40506 
Lexington 40506 
Louisville 40202 
Louisville 40202 
Louisville 40202 
Louisville 40202 
Louisville 40202 


LOUISIANA 
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Indiana University School of Medicine 16 

Methodist Hospital Graduate Medical Center 2 

St. Vincent's Hospital : 3 

lowa Methodist Medical Center No Response 

University of lowa Hospitals and Clinics 3 13 
Veterans Administration Hospital 


University of Kansas Medical Center 


University of Kentucky 
Albert B. Chandler Medical Center 
Veterans Administration Hospital "*- E 
University of Louisville 12 
Jewish Hospital’ (1) 
Louisville General Hospital ; — 
Norton Hospital 
Veterans Administration Hospital 


Lafayette 70501 
New Orleans 70112 
New Orleans 70112 
New Orleans 70121 
New Orleans 70112 
New Orleans 70112 
New Orleans 70112 
New Orleans 70115 
New Orleans 70112 
Shreveport 71103 


MAINE 
Portland 04102 


Lafayette Charity Hospital 
Hotel Dieu Hospital 
Louisiana State University Medical Center 
Ochsner Clinic 
Tulane University Medical Center 

Charity Hospital 

University Hospital 

Touro Infirmary 

Veterans Administration Hospital 
Confederate Memorial Medical Center 


Maine Medical Center 


No Response 
No Response 
4 
6 
11 


No Response 


4 


* Unless otherwise indicated, all hospitals and institutions listed have accredited residencies in internal medicine. 
t The numbers in parentheses indicate the number of fellows of the parent organization who train here. 
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Positions 
1978-1979 Bed 
State/City/Zip Code Hospital/Institution* Filled Available Size 
MARYLAND 
Baltimore 21224 
Baltimore 21205 
Baltimore 21201 
Baltimore 21218 
Baltimore 21211 
Baltimore 21201 
Bethesda 20014 
Cheverly 20785 


MASSACHUSETTS 


539 
1050 


Baltimore City Hospital 

Johns Hopkins Medical Institutions 
Maryland General Hospital 

Union Memorial Hospital 

U.S. Public Health Service Hospital 
University of Maryland Hospital 
National Naval Medical Center 
Prince George’s General Hospital 
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Boston 02215 
Boston 02118 
Boston 02118 
Boston 02118 
Boston 02130 
Boston 02124 
Boston 02114 
Boston 02215 
Boston 02111 
Boston 02115 
Boston 02135 
Boston 02111 


Beth Israel Hospital 
Boston University Medical Center 
Boston City Hospital 
University Hospital 
Boston Veterans Administration Hospital 
Carney Hospital 
Massachusetts General Hospital 
New England Deaconess Hospital 
New England Medical Center Hospital 
Peter Bent Brigham Hospital 
St. Elizabeth Hospital 


no C 


1 
12 
5 
No Response 
16 
5 


Tufts/New England Medical Center Hospital 7 

U.S. Public Health Service Hospital No Response 
Cambridge 02138 Mount Auburn Hospital 2 
Framingham 01701 Framingham Union Hospital No Response 
Newton Lower Falls 02162 Newton-Wellesley Hospital No Response 
Pittsfield 01201 Berkshire Medical Center 
Springfield 01107 Baystate Medical Center 
West Roxbury 02132 West Roxbury Veterans Hospital 
Worcester 01605 University of Massachusetts Affiliated Hospitals 
Worcester 01605 Memorial Hospital 
Worcester 01604 St. Vincent's Hospital 
Worcester 01605 University of Massachusetts Hospital 
Worcester 01610 Worcester City Hospital’ 

MICHIGAN 
Ann Arbor 48109 
Ann Arbor 48104 
Ann Arbor 48109 
Ann Arbor 48105 
Ann Arbor 48132 
Dearborn 48124 
Detroit 48202 
Detroit 48235 
Detroit 48037 
Detroit 48236 
Detroit 48235 
Detroit 48201 
Allen Park 48101 
Detroit 48226 
Detroit 48201 


Boston 02135 


University of Michigan Medical Center 15 
St. Joseph Mercy Hospital 
University Hospital ays ke 
Veterans Administration Hospital’ (3) 
Wayne County General Hospital 

Oakwood Hospital 

Henry Ford Hospital 

Mount Carmel Mercy Hospital & Medical Center 

Providence Hospital 

St. John Hospital 

Sinai Hospital 

Wayne State University Affiliated Hospitals 
Veterans Administration Hospital 
Detroit General Hospital 
Harper-Grace Hospital 
Detroit 48201 Hutzel Hospital 
East Lansing 48824 Michigan State University, Ingham Medical Center 
Flint 48502 Hurley Hospital 1 
Grand Rapids 49503 Butterworth Hospital No Response 
Kalamazoo 49006 Bronson Methodist Hospital | No Response 
Pontiac 48053 St. Joseph's Mercy Hospital 3 
Royal Oak 48072 William Beaumont Hospital 6 

MINNESOTA 
Minneapolis 55407 
Minneapolis 55455 
Minneapolis 55415 


No Response 


Abbott-Northwestern Hospital 1 

University of Minnesota Hospitals 14 
Hennepin County Medical Center 

St. Paul 55101 St. Paul-Ramsey Hospital 

Minneapolis 55417 Veterans Administration Hospital 

Rochester 55901 Mayo Clinic 

Rochester 55901 Methodist Hospital 

Rochester 55901 St. Mary's Hospital 


* Unless otherwise indicated, all hospitals and institutions listed have accredited residencies in internal medicine. 
t The numbers in parentheses indicate the number of fellows of the parent organization who train here. 
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Cardiology 
Positions 
1978-1979) 


State/City/Zip Code 


MISSISSIPPI 
Jackson 39216 
Jackson 39216 


MISSOURI 
Columbia 65201 
Columbia 65201 
Kansas City 64111 
St. Louis 63110 
St. Louis 63104 
St. Louis 63104 
St. Louis 63141 
St. Louis 63104 
St. Louis 63125 
St. Louis 63112 
St. Louis 63110 


NEBRASKA 
Omaha 68131 
Omaha 68105 
Omaha 68105 


NEW HAMPSHIRE 
Hanover 03755 
Hanover 03755 
White River 

Junction, Vermont 
05001 


NEW JERSEY 
Atlantic City 08401 
Browns Mills 08015 
Camden 08013 ' 
East Orange 07019 
Englewood 07631 
Hackensack 07601 
Jersey City 07304 
Long Branch 07740 
Neptune 07753 
New Brunswick 08903 
Newark 07 103 


Newark 07 112 
Newark 07 102 
Paramus 07652 
Paterson 07503 
Piscataway 08854 


Greenbrook 08812 
Lyons 07939 

New Brunswick 0890 1 
Summit 0790 1 


NEW MEXICO 
Alburquerque 87 131 
Alburquerque 87 106 
Alburquerque 87 108 


NEW YORK 
Albany 12208 
Albany 12208 
Bronx 10456 
Bronx 10461 
Bronx 10461 
Bronx 10467 
Bronx 10467 
Bronx 10467 
Bronx 10467 
Bronx 10467 
Bronx 10468 
Brooklyn 11212 


Hospital/Institution™ Filled “Available 


University Hospital 
Veterans Administration Hospital 


University of Missouri Medical Center 
Harry S. Truman Memorial Veterans Administration Hospital 


St. Luke’s Hospital 


Jewish Hospital of St. Louis 
St. Louis City Hospital 


St. Louis University Medical Schools 


St. John’s Mercy Medical Center 
St. Louis University Hospital 
Veterans Administration Hospital 
St. Luke's Hospital 
Washington University School of Medicine, Barnes Hospital 


Creighton University Medical Center/St. Joseph Hospital 
Veterans Administration Hospital! 
University of Nebraska Medical Center 


Déltmédite Hitobek Medical Center 
Mary Hitchcock Memorial Hospital 
Veterans Administration Hospital 


Atlantic City Hospital 
Deborah Heart & Lung Center 
Cooper Hospital - 
Veterans Administration Hospital 
Englewood Hospital 
Hackensack Hospital 
Jersey City Medical Center 
Monmouth Medical Center 
Jersey Shore Medical Center Fitkin : 
New Brunswick Affiliated Hospitals-St. Peter' S Medical Center 
College of Medicine & Dentistry of New Jersey/New Jersey Medical 
School 
Newark Beth Israel Medical Center 
St. Michael's Medical Center - 
Bergen Pines County Hospital 
St. Joseph's Hospital & Medical Center 
College of Medicine & Dentistry of New Jersey-Rutgers Medical 
School 
Raritan Vally Hospital — R5 
Lyons Veterans Administration Hospital - 
Middlesex General Hospital 


-Overlook Hospital 


University of New Mexico Affiliated Hospitals 
Bernalillo County Medical Center 
Veterans Administration Hospital 


-Albany Medical College 


Veterans Administration Hospital 

Bronx-Lebanon Hospital Center 

Hospital of Albert Einstein College of Medicine 
Bronx Municipal Hospital Center 

Misericordia Hospital Medical Center/Lincoln Hospital Affiliation 
Miscericordia Hospital Medical Center 
Lincoln Hospital Affiliation 

Montefiore Hospital & Medical Center 
North Central Bronx 

Veterans Administration Hospital 

Brookdale Hospital Medical Center 


No Response 
16 

No Response 
4 

No Response 
2 
4 
1 

No Response 
1 
4 
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* Unless otherwise indicated, all hospitals and institutions listed have accredited residencies in internal medicine. 
t The numbers in parentheses indicate the number of fellows of the parent organization who train here. 





State/City/Zip Code 
à NEW YORK 


Brooklyn 11201 
Brooklyn 11201 
Brooklyn 11235 
Brooklyn 11238 
Brooklyn 11211 
Brooklyn 11203 
Brooklyn 11203 
Brooklyn 11203 
Brooklyn 11201 
Brooklyn 11219 
Brooklyn 11215 
Brooklyn 11213 


Far Rockaway 11691 


Brooklyn 11209 
Brooklyn 11237 
Buffalo 14203 
Buffalo 14209 
Buffalo 14215 


Buffalo 14215 


East Meadow 11554 


Elmhurst 11373 
Flushing 11355 
Flushing 11355 
Jamaica 11418 
Jamaica 11432 
Jamaica 11432 
Jamaica 11432 
Jamaica 11432 


Johnson City 13790 


Manhasset 11030 
Mineola 11501 


Mt. Vernon 10550 
New Hyde Park 11040 


New York 10027 
New York 10003 
New York 10003 
New York 10032 
New York 10037 
New York 10021 
New York 10021 
New York 10452 
New York 10029 
New York 10021 
New York 10003 
New York 10029 
New York 10016 
New York 10016 
New York 10016 
New York 10010 
New York 10019 
New York 10025 
New York 10011 
Northport TO 
Rochester 14621 
Rochester 14611 
Rochester 14642 
Roslyn 11576 


Schenectady 12308 
Staten Island 10310 
Staten Island 10304 


Syracuse 13210 
Syracuse 13210 
Syracuse 13210 
Valhalla 10595 


. Hospital/Institution* 


Brooklyn Hospital 
Brooklyn Cumberland Medical Center 
Coney Island Hospital | 
Jewish Hospital and Medical Center of Brooklyn 
Greenpoint Hospital 
Kings County Medical Centert 
State University of New York-Downstate Medical Centert 
Kingsbrook Jewish Medical Center 
Long Island College Hospital 
Maimonides Medical Center 
Methodist Hospital 
St. John's Episcopal Hospital of Brooklyn 
South Shore Division (affiliated with Long Island Jewish-Hillside 
Medical Center) 
Veterans Administration Hospital 
Wycoff Heights Hospital 
Buffalo General Hospital 
Millard Fillmore Hospital 
State University of New York at Buffalo (Edward J. Meyer Memorial 
Hospital) Erie County Medical Center 
Veterans Administration Hospital 
Nassau County Medical Center 
City Hospital at Elmhurst 
Booth Memorial Hospital 
Flushing Hospital 
Jamaica Hospital 
Catholic Medical Center 
Mary Immaculate Hospital 
St. Mary's Hospital 
Queens General Hospital 
C. S. Wilson Memorial Hospital 
North Shore University Hospital 
Nassau Hospital 
Mt. Vernon Hospital 1 
Long Island Jewish-Hillside Medical Center 
A. C. Logan Memorial Hospital 
Beth Israel Medical Center 
Cabrini Medical Center 
Columbia-Presbyterian Medical Center 
Harlem Hospital - 
Lenox Hill Hospital 
Memorial Hospital for Cancer & Allied Diseases 
Morrisania City Hospital 
Mt. Sinai School of Medicine 
New York Hospital-Cornell Medical Center 
New York Infirmary 
New York Medical College-Metropolitan Hospital Center 
New York University School of Medicine 
Bellevue Hospital 
New York University Hospital 
New York Veterans Administration Hospital (Manhattan) 
Roosevelt Hospital 
St. Luke’s Hospital Center 
St. Vincent's Hospital & Medical Center 
Northport Veterans Administration Hospital 
Rochester General Hospital 
St. Mary's Hospital 
University of Rochester Medical Center & Strong Memorial Hospital 
St. Francis Hospital? 


Ellis Hospital 


St. Vincents Medical Center-Richmond 

U.S. Public Health Service Hospital 

State University of New York-Upstate Medical Center 
University Hospital 
Veterans Administration Hospital 

Westchester County Medical Center 


Filled 


4 
2 
(7) 


(7) 
2 


4 
4 
2 
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Cn 


Cardiology 
Positions 
1978-1979 
Available | 


No Response 
(6) 
(6) 
2 


4 
4 
2 
4 


No Response 
1 


4 
3 
4 
No Response 
No Response 


1 
2 


3 
No Response 
4 
2 
No Response 
4 
No Response 
4 
1 
14 
3 
5 
1 
No Response 
12 
5 
No Response 
2 
6 


“= NO=ANNDFON A: 


No Response 
5 


* * Unless otherwise indicated, all hospitals and institutions listed have accredited residencies in internal medicine. 
t The 7 filled and 6 available positions represent a total for both institutions. 
+ No accredited residency in internal medicine. 





EDUCATION UPDATE 


State/City/Zip Code 


NORTH CAROLINA 
Chapel Hill 27514 
Durham 27710 
Durham 27706 
Durham 27706 
Wilmington 28401 
Winston-Salem 27 103 


OHIO 
Akron 44309 
Cincinnati 452 19 
Cincinnati 45220 
Cincinnati 45229 
Cincinnati 45267 
Cincinnati 45267 
Cincinnati 45267 
Cleveland 44106 
Cleveland 44109 
Cleveland 44112 
Cleveland 44113 
Cleveland 44106 
Cleveland 44104 
Cleveland 44106 
Cleveland 44106 
Cleveland 44106 
Columbus 43222 
Columbus 43210 
Columbus 43214 
Dayton 45406 
Dayton 45409 
Dayton 45428 
Kettering 45429 
Toledo 43699 
Toledo 43606 
Youngstown 44501 
Youngstown 44502 


OKLAHOMA 
Oklahoma City 73190 
Oklahoma City 73190 
Oklahoma City 73104 
Tulsa 74104 


OREGON 
Portland 97227 
Portland 97210 
Portland 97213 
Portland 97225 
Portland 97201 
Portland 97201 
Portland 97207 


PENNSYLVANIA 
Allentown 18105 
Allentown 18105 
Danville 17821 
Easton 18042 
Harrisburg 17 101 
Hershey 17033 
Philadelphia 19141 
Philadelphia 19125 
Philadelphia 19146 
Philadelphia 19102 
Philadelphia 19151 
Philadelphia 19129 
Philadelphia 19104 
Philadelphia 19104 
Philadelphia 19140 
Philadelphia 19107 


TICU€ 3 GEPURCDUREDNESRKOOXITU ONES GET DRY A DES ETE one 
’ . ' 4 . 


Hospital/Institution* 


University of North Carolina School of Medicine 
Duke University Medical Center 

Duke University Hospital | 

Veterans Administration Hospital 
New Hanover Memorial Hospital 


Bowman Gray School of Medicine/Bowman Gray Medical Center/ 


North Carolina Baptist Hospital 


Akron City Hospital 

Christ Hospital 

Good Samaritan Hospital 

Jewish Hospital 

University of Cincinnati Medical Center 
Cincinnati General Hospital 
Veterans Administration Hospital 

Cleveland Clinic Foundation 

Cleveland Metropolitan General Hospital 

Huron Road Hospital 

Lutheran Medical Center 

Mount Sinai Hospital 

St. Luke's Hospital 

University Hospitals of Cleveland 
University Hospital 
Veterans Administration Hospital 

Mt. Carmel Medical Center 

Ohio State University Hospitals 

Riverside Methodist Hospital 

Good Samaritan Hospital 

Miami Valley Hospital 

Veterans Administration Hospital Center 

Kettering Medical Center 

Medical College of Ohio at Toledo and the 
Toledo Hospital 

St. Elizabeth Hospital Medical Center 

Youngstown Hospital Association 


University of Oklahoma Health Sciences Center 
University Hospitals & Clinics 
Veterans Administration Hospital 

Hillcrest Medical Center 


Emanuel Hospital 

Good Samaritan Hospital 

Providence Hospital 

St. Vincent's Hospital 

University of Oregon Health Sciences Center 
University Hospital 
Veterans Administration Hospital 


Allentown and Sacred Heart Hospital Center 
Allentown Hospital 

Geisinger Medical Center 

Easton Hospital 

Harrisburg Hospital 

Milton S. Hershey Medical Center 

Albert Einstein Medical Center 

Episcopal Hospital 

Graduate Hospital 

Hahnemann Medical College & Hospital 

Lankenau Hospital 

Medical College of Pennsylvania Hospital 
Veterans Administration Hospital’ 


Presbyterian-University of Pennsylvania Medical Center 


Temple University Health Sciences Center 
Thomas Jefferson University Hospital 


Filled 


O 00O ONO 


ONOG. 


Cardiology 
Positions 
1978-1979 
Available 


8 
33 


No Response 
6 


1 
No Response 
1 
1 
7 


33 
4 
No Response 


2 
9 
No Response 
1 
No Response 
1 
1 
3 
2 


5 
No Response 


No Response 

No Response 

No Response 

No Response 
6 


No Response 


* Unless otherwise indicated, all hospitals and institutions listed have accredited residencies in internal medicine. 
t This hespital is affiliated with two institutions. 
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895 
500 


700 





Cardiology 
Positions 
1978-1979 


7» ©  State/City/Zip Code : Hospital/Institution* | Filled Available 


PENNSYLVANIA 
Philadelphia 19104 University of Pennsylvania 13 
Philadelphia 19107 Pennsylvania Hospital LP. 
Philadelphia 19104 Veterans Administration Hospital’ 
Pittsburgh 15212 Allegheny General Hospital 
Pittsburgh 15219 Mercy Hospital 
Pittsburgh 15213 Montefiore Hospital 
Pittsburgh 15201 St. Francis General Hospital 
Pittsburgh 15201 St. Margaret Memorial Hospital 
Pittsburgh 15232 Shadyside Hospital 
Pittsburgh 15261 University of Pittsburgh Health Center Hospitals 
Pittsburgh 15261 Presbyterian-University Hospital 
Pittsburgh 15261 Veterans Administration Hospital (Oakland Division) TIR iK fe 
Pittsburgh 15224 Western Pennsylvania Hospital 1 
Sayre 18840 Guthrie Clinic/Robert Packer Hospital 1 


PUERTO RICO 
Caguas 00625 Caguas-Sub-Regional Hospital No Response 
Ponce 00731 Ponce District General Hospital 4 
San Juan 00936 San Juan City Hospital No Response 
San Juan 00936 University District Hospital 5 6 
San Juan 00936 Veterans Administration Hospital | 2 


RHODE ISLAND 
Pawtucket 02860 Memorial Hospital 
Providence 02906 Miriam Hospital 
Providence 02902 Rhode Island Hospital 
Providence 02908 R. Williams General Hospital 


SOUTH CAROLINA 
Charleston 29403 Medical University of South Carolina 
Charleston 29403 Charleston County Hospital 
Charleston 29403 Medical University Hospital 
Charleston 29403 Veterans Administration Hospital 
TENNESSEE 
Chattanooga 37403 University of Tennessee College of Medicine No Response 
Chattanooga 37402 T. E. Thompson & Baroness Erlanger Hospital No Response 
Memphis 38163 University of Tennessee Center for the Health Sciences 
Memphis 38163 Baptist Memorial 
Memphis 38163 City of Memphis Hospital 
Memphis 39163 University of Tennessée Hospital 
Memphis 38163 Veterans Administration Hospital 
Nashville 37208 Meharry Medical College 
Nashville 37232 Vanderbilt Medical Center 
Nashville 37232 Nashville General Hospital 
Nashville 37232 St. Thomas Hospital 
Nashville 37232 Vanderbilt University Hospital 
Nashville 37232 Veterans Administration Hospital 
TEXAS 
Dallas 75246 Baylor University Medical Center 
Dallas 75235 University of Texas Health Science Center at Dallas 
Dallas 75235 Children's Medical Center of Dallas 
Dallas 75235 Parkland Memorial Hospital 
Dallas 75235 Presbyterian Hospitals of Dallas 
Dallas 75235 St. Paul Hospital 
Dallas 75235 Veterans Administration Hospital E aa 
El Paso 79920 W. Beaumont Army Medical Center No Response 
Galveston 77550 University of Texas Medical Branch 2 
Houston 77030 Baylor College of Medicine 18 
Houston 77030 Ben Taub Hospital j 
Houston 77030 Methodist Hospital 
Houston 77030 Veterans Administration Hospital 
Houston 77030 St. Luke's Episcopal Hospital/Texas Heart Institute 
Houston 77030 St. Luke’s 
Houston 77030 Texas Childrens Hospital 
Houston 77030 University of Texas Medical School of Houston/Herman Hospital 
Lackland Air Force Wilford Hall USAF Medical Center 
Base 78236 


* Unless otherwise indicated, all hospitals and institutions listed have accredited residencies in internal medicine. 
. | This hospital is affiliated with two institutions. 
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Cardiology 
Positions 
1978-1979 
Available 


State/City/Zip Code Hospital/Institution * Filled 


TEXAS 
San Antonio 78234 
San Antonio 78284 
San Antonio 78284 
—.. San Antonio 78284 
- .. Temple 76501 
_ UTAH 
Salt Lake City 84132 
Salt Lake City 84132 
Salt Lake City 84132 
^. A Salt Lake City 84132 
|. Salt Lake City 84132 
`- VERMONT 
. Burlington 05401 


Brooke Army Medical Center 

University of Texas Health Science Center 
Bexar County Hospital 
Veterans Administration Hospital 

Scott and White Memorial Hospital 


University of Utah Medical Center and Affiliated Hospitals 
Holy Cross Hospital 
Latter Day Saints Hospital 
University of Utah Hospital 
Veterans Administration Hospital 


Medical Center Hospital of Vermont (University of Vermont College 
13 of Medicine) 
VIRGINIA 

` Charlottesville 22901 

Richmond 23298 
Richmond 23249 


WASHINGTON 
Seattle 98195 
Seattle 98104 
Seattle 98195 
Seattle 98114 
Seattle 98195 


WEST VIRGINIA 
-Charleston 25304 
Charleston 25304 . 
Charleston 25304 
Morgantown 26506 


University of Virginia Hospital 
Medical College of Virginia 
McGuire Veterans Administration Hospital 


University of Washington School of Medicine 
Harborview Medical Center 
University Hospital 
U. S. Public Health Service Hospital 
Veterans Administration Hospital 


West Virginia University Medical Center-Charleston | 
Memorial Division 
General Division 

West Virginia University Medical Center 


WISCONSIN 


Madison 53706 

Madison 53705 

Milwaukee 53226 
Milwaukee 53211 
Milwaukee 53226 
Milwaukee 53215 
Milwaukee 53193 
Milwaukee 53233 


University of Wisconsin Medical School 

William S. Middleton Veterans Administration Hospital 
Medical College of Wisconsin 

Columbia Hospital 

Milwaukee County Medical Complex 

St. Luke's Hospital 

Wood Veterans Administration Hospital 


Mount Sinai Medical Center 4 


Re er 
— * Unless otherwise indicated, all hospitals and institutions have accredited residencies in internal medicine. 
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President's Page: 


Long Range Planning: From Here to There 





Leonard S. Dreifus, MD, FACC 


Recognizing the great strides made in 
American medicine, especially those in 
the field of cardiovascular diseases, | find 
no great comfort in reviewing the course 
of events over the past year. The health 
care industry, the third largest in this na- 
tion, accounted for $180 billion and 6 
percent of the United States work force. 
Decisions made by individual physicians 
accounted for 70 percent of all health 
care expenditures. We are now told by 
Secretary Califano that we have an ov- 
ersupply of physicians and far too many 
medical specialists and subspecialists, 
that the doctors we do have are seriously 
maldistributed, that they are unresponsive 
to demographic, social and economic 
changes, and that they pay too little at- 
tention to the economics of health care. 





These conclusions concerning the ills 
of medical practice in this country are 
largely undocumented. For example, who 
is to say whether a subspecialist, such as 
a well trained cardiologist, cannot deliver 
health care more rapidly, efficiently and, 
in the end, at a lower cost than a physician 
who has less training? The substantiating 
data simply do not exist. 

The criticism of medical practice ap- 
pears to be based on a policy of cost 
containment. What does the future hold? 
The recent flurry of legislation followed by 
a volcano of regulation seems to indicate 
that the quality of medical care must be 
reduced and that the access to medical 
care within very specific subsets of pa- 
tients must now be restricted. Shall we 
begin by limiting access to our coronary 
care units to persons less than 70 years 
of age? Should stress tests be prohibited 
in patients more than 65 years of age? 
What justification will be necessary for an 
echocardiogram or nuclear imaging? And 
in the end, what will be the actual cost of 
government regulation itself? 

Our Long Range Planning Committee 
has taken a rather extensive look at how 
the College can meet these challenges. 
They have noted that involvement of the 
College in governmental affairs is rapidly 
increasing, and that the membership has 
asked that this involvement not occur at 
the expense of our excellent educational 
activities. Nevertheless, it is abundantly 
clear that our efforts in governmental 
activities must be redoubled. The intense 
and recent testimony of the American 
College of Cardiology was largely re- 
sponsible for this year’s appropriation 
figures for the National Heart, Lung, and 
Blood Institute of $505,957,000, including 
$20,413,000 in manpower training funds, 
and $41,431,000 for the National Library 
of Medicine. It is curious that this effort 


may now, in part, be nullified by the poli- 
cies of recision. The College has been 
extremely active in other regulatory issues 
including regulations for medical devices, 
establishment of a medical device com- 
mittee, establishing policy for ultrasound 
reimbursement policies, national guide- 
lines for health planning, Medicare reim- 
bursement of cardiac rehabilitation clin- 
ics, regulations to protect child research 
subjects and regulations regarding medi- 
Cal criteria for the determination of car- 
diac disability. : 

Other objectives of the College can 
likewise be summarized. The College is 
particularly interested in ways of in- 
creasing education at local levels. A more 
active role of the Governors in this en- — 
deavor is planned. New and imaginative 
techniques being developed by the 
Learning Center at Heart House include 
teaching packages, miniconferences and 
other types of educational tools for the 
rapid dissemination of new knowledge. 

The College is examining ways in 
which it can respond to requests by hos- 
pitals or licensing boards to evaluate the 
quality of cardiovascular care and to in- 
clude in these protocols an evaluation 
of invasive and noninvasive procedures 
and cardiac surgery. The College has . 
also established effective liaison with 
organizations and agencies involved in 
certification and recertification and is 
committed to working more closely with 
members of pediatric cardiology boards 
and pathology boards in relation to car- 
diovascular issues. In summary, the Col- 
lege is dedicated to the principle of opti- 
mal cardiovascular health care for all 
patients while protecting the interests of 
its members. 

Leonard S. Dreifus, MD, FACC 
President 
American College of Cardiology 
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CALENDAR OF EXTRAMURAL PROGRAMS 


The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 


increases with the ever increasing amount of | 


scientific and clinical data, the constant 
changes in technology and methodology, and 
the greater avaiiability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
- with the authors, research workers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists, educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 


of the participants. 
These programs should help each physician . 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn - 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The National Program Committee for 
Continuing Medical Education of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 
Borys Surawicz, MD, FACC, Chairman . 
National Program Committee 


and faculty are subject to change. For further information write Mary Anne Mcinerny, Director, Extramural Programs Department, Division 
of Continuing Education, American College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 200 14. 


MARCH 1979 THROUGH JUNE 1979 


Preceptorships in Cardiology. Arthur 
Selzer, FACC, director. Pacific Medical 
Center, San Francisco, Calif. 


Twelfth Annual Seminar. Electrocar- - 


diographic Interpretation of Complex 
Arrhythmias: A Physiological Ap- 
proach. Charles Fisch, FACC and 
Douglas P. Zipes, FACC, directors. In- 
diana University Medical Center, India- 
napolis, IN 


Contemporary Management of Acute 
Myocardial Infarction by the Family 
Physician. Robert S. Eliot, FACC director. 
Riviera Hotel, Palm Springs, CA 


Consultant's Course in Cardiology. 
Michael V. Herman, FACC, director and 
Richard Gorlin, FACC, Simon Dack, 
FACC and Louis E. Teichholz, FACC, 

. co-directors. Mount Sinai Medical Cen- 
ter, New York, NY 


Cardiology for the Consultant: A Clin- 
ician's Retreat. E. Grey Dimond, FACC 
and James E. Crockett, FACC, directors. 
Rancho Santa Fe Inn, Rancho Santo Fe, 
CA 


Management of the Patient Who Has 


Survived Acute Myocardial Infarction. | 


Sylvan L. Weinberg, FACC, director. 
Stouffer's Dayton Plaza Hotel, Dayton 
OH 


New Diagnostic and Therapeutic Ap- 
proaches in Cardiology 1979. Edmund 
H. Sonnenblick, FACC and James 
Scheuer, FACC, directors. Plaza Hotel, 
New York, NY - 


Cardiac Arrhythmias: Recognition, 
Electrophysiology and Treatment. John 
A. Kastor, FACC and Mark E. Joseph- 
son, FACC, co-directors. University City 
Holiday Inn, Philadelphia, PA 


Myocardial Infarction and Other Isch- 
emic Heart Syndromes. C. Richard 
Conti, FACC, director and Carl J. Pepine, 
FACC and Leonard G. Christie, co-di- 
rectors. Innisbrook Resort and Golf Club, 
Tarpon Springs, FL 


Critical Care Cardiology. Arthur Selzer, 
FACC and Keith E. Cohn, FACC, direc- 
tors. Golden Gateway Holiday Inn, San 
Francisco, CA 


ischemic Heart Disease. James E. 
Dalen, FACC, director and Thomas J. 
Ryan, FACC, Thomas W. Smith, FACC, 
Herbert J. Levine, FACC and Joseph S. 
Alpert, FACC, co-directors. Copley 
Plaza Hotel, Boston, MA 


Clinical Auscultation of the Heart. W. 
Proctor Harvey, FACC, Antonio C. de 


Leon, Jr., FACC, and John F. Stapleton, 
co-directors. Georgetown University 
Medical Center, Washington, DC 


A Symposium on Cardiovascular 
Nursing. Henry J. L. Marriott, FACC, and 
Leo Schamroth, FACC, directors. 
Sheraton Sand Key Hotel, Clearwater 
Beach, FL 


Cardiac Auscultation Workshops. Jules 
Constant, FACC, director. Niagara Hilton 
Hotel, Niagara Falls, NY 


Medical and Surgical Management of 
Coronary Artery Disease. M. Leo 
Hughes, Jr., FACC, director and Robert 
C. K. Riggins and Richard P. Anderson, 
 co-directors. Virginia Mason Medical 
Center, Seattle, WA 


Echocardiography: Fundamentals and 
New Developments in Cardiac Ultra- 
sound. Arthur D. Hagan, FACC, director 
and Walter V. R. Vieweg, FACC and Joel 
S. Karliner, FACC, co-directors. Sher- 
aton Harbor Island Hotel, San Diego, 





LEARNING CENTER: PROGRAM CALENDAR 


. The American College of Cardiology’s newest department, the Learning, 
Center, located at the College's Bethesda, Maryland headquarters, 
began operations last October with the offering of its first continuing 

medical education program for physicians with a specialty or an interest 
in cardiovascular medicine. The purpose of the Learning Center is to 
support the professional commitment to quality patient care by providing 


a new standard of excellence in cardiovascular continuing education. 
For additional information concerning the programs listed below or for 
a complete schedule of programs through December 1978, contact 
Program Coordinator, Learning Center, American College of Cardiology, 
9111 Old Georgetown Road, Bethesda, Maryland 20014. Telephone 
(301) 897-5400. 


APRIL 1979 THROUGH JUNE 1979 


Month/Dates 
April 2-4 


Course Director - 
Samuel Kaplan, MD, FACC 


Title of Program 
Non-invasive Pediatric Cardiology 


April 5-7 John A. Spittell, Jr., MD, FACC Peripheral Vascular Disease 


April 9-11 Keith E. Cohn, MD, FACC Exercise Testing 


April 18-20 J. O'Neal Humphries, MD, FACC Coronary Care Units— 15 Years Later 


April 23-25 Arthur E. Weyman, MD, FACC Cross-sectional Echocardiography 


April 26-28 Robert G. Tancredi, MD, FACC Pulmonary, Renal and Electrolyte Considerations in Cardiovascular 


Disease 
May 7-9 Leonard S. Dreifus, MD, FACC Cardiac Rehabilitation 
John J. Kelly, Jr., MD, FACC 
Frank Naso, MD, FACC 
May 10-12 


Daniel S. Berman, MD, FACC Nuclear Cardiology 


May 14-16 Louis Lemberg, MD, FACC 
Agustin Castellanos, Jr., MD, 
FACC 


CCU Update for Nursing Supervisors 


May 21-23 James E. Doherty, Ill, MD, FACC Clinical Cardiovascular Pharmacology: Rational Approach to Drug 


Therapy 
May 24-25 


Joseph K. Perloff, MD, FACC The Fundamentals of Echocardiography: A Practical Course for 


Clinicians 
Ira H. Gessner, MD, FACC 


May 30-June 2 The Principles of Pediatric Cardiology: A Fundamental Approach 


June 4-6 G. Charles Oliver, MD, FACC Ambulatory Monitoring and Sudden Death 


June 11-13 Shahbudin H. Rahimtoola, MD, Valvular Heart Disease 


FACC 
Michael S. Gordon, MD, FACC 


June 20-22 Cardiac Auscultation 


28th ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


Miami Beach, Florida March 11-15, 1979 





IN APPRECIATION 


The Journal thanks the following persons who, although not members of the Editorial Board, gave their time in 1978 to the review 


of submitted manuscripts. 


Ronald Abel, Newark, New Jersey 

J. A. Abildskov, Salt Lake City, Utah 
Crawford W. Adams, Nashville, Tennessee 
Forrest H. Adams, Los Angeles, California. 
Robert Adolph, Cincinnati, Ohio 

Gail Ahumada, St. Louis, Missouri 

Hugh D. Allen, Tucson, Arizona 

Trenton Allison, Newington, Connecticut 
John Ambrose, New York, New York 

Gary J. Anderson, Philadelphia, Pennsylvania 
Ray Carl Anderson, Minneapolis, Minnesota 
- Wilbert S. Aronow, Long Beach, California 
= Gerald Austen, Boston, Massachusetts 
Stephen M. Ayres, Saint Louis, Missouri 
Mortimer Bader, New York, New York 

Alan Bahler, Livingston, New Jersey 

Vidya S. Banka, Philadelphia, Pennsylvania - 
Serge S. Barold, Rachester, New York 
Murray Baron, New Hyde Park, New York 
Arthur C. Beall, Jr., Houston, Texas 

Lewis Becker, Baltimore, Maryland 

Alberto Benchimol, Phoenix, Arizona 

Jonas Beregovich, New York, New York 
Morton Berk, Honolulu, Hawaii 

- Daniel S. Berman, Davis, California 

Bernard Bernhardt, New Rochelle, New York 
Charles A. Bertrand, White Plains, New York 
David Bialostozky, Mexico City, Mexico 
Richard J. Bing, Pasadena, California 
Selvyn Bleifer, Beverly Hills, California 
Colin Bloor, La Jolla. California 

S. Gilbert Blount, Jr., Denver, Colorado 


Monty M. Bodenheimer, Philadelphia, Pennsylvania 


_ Nemat O. Borhani, Davis, California 

. Elias H. Botvinick, San Francisco, California 

_ Robert O. Brandernburg, Rochester, Minnesota 
— David Bregman, New York, New York 

_ Mortimer J. Buckley, Boston, Massachusetts 

-. Bernadine H. Bulkley, Baltimore, Maryland 

— Howard B. Burchell, Minneapolis, Minnesota 
Cesar A. Caceres, Washington, DC 

Robert A. Chahine, Houston, Texas 

- Sonia Chang, Toledo, Ohio 

D. W. Chapman, Houston, Texas 

. Kamalendu Chatterjee, San Francisco, California 
Tsung O. Cheng, Washington DC 

Jay N. Cohn, Minneapolis, Minnesota 

Keith E. Cohn, San Francisco, California 

Peter F. Cohn, Boston, Massachusetts 

John J. Collins, Jr., Boston, Massachusetts 


Denton Cooley, Houston, Texas 

Donald P. Copley, Buffalo, New York - 
Eliot Corday, Beverly Hills, California 
Richard S. Crow, Minneapolis, Minnesota 
Guy P. Curtis, San Dieco, California 

Julio C. Davila, Detroit, Michigan 

Abner J. Delman, New York, New York 
Pablo Denes, Chicago, Illinois 

Kenneth B. Desser, Phoenix, Arizona 
Antoni M. Diehl, Kansas City, Kansas 
James C. Dillon, Indianapolis, Indiana 

E. Grey Dimond, Kansas City, Missouri 
Ivan Dimich, New York, New York 

Harold T. Dodge, Seattle, Washington 
James E. Doherty, Little Rock, Arkansas 
Martin Dolgin, New York, New York 
Ronald E. Drusin, New York, New York 
Marvin |. Dunn, Kansas City, Kansas 
Harriet P. Dustan, Cleveland, Ohio 
Edward M. Dwyer, Jr., New York, New York 
Jesse E. Edwards, St. Paul, Minnesota 
Robert S. Eliot, Omaha, Nebraska 

Myrvin H. Ellestad, Long Beach, California 
Mark Entman, Houston, Texas 

Stephen E. Epstein, Bethesda, Maryland 
Raul E. Falicov, Oak Lawn, Illinois 

Mario Feola, Amarillo, Texas 

Victor J. Ferrans, Bethesda, Maryland 
Frank A. Finnerty, Jr., Washington, DC 
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MICROLITH-P.. 
Lial [eo] Mele d 
TO SIMPLIFY 


A PROGRAMMING 
SYSTEM THAT'S 
DIFFERENT BECAUSE 
ITS EASY TO USE 


instead of complicating your 
pacing decisions, 
MICROLITH-P’s sophisticated 
technology has simplified 
programming and follow-up. 


EASY TO USE BECAUSE 
ITS SO VERSATILE 


Program any rate from 30 to 
119 ppm. 

Program any pulse width from 
0.1 to 1.9 ms. (.05 ms also 
available). 


MICROLITH-P provides 
unparalleled opportunity to 
respond to chancing needs, yet 
because of its digital design, is 
simple to program. 





IT’S SO ACCURATE 


CPI’s custom CMOS circuitry 
and quartz crystal timing provide 
a rate so stable that your patient 
paces exactly as programmed — 
not even 1 beat off — for the life 
of the pacemaker. And all other 
pacing parameters are equally 
precise. 


MICROLITH-P's solid-state 
digital accuracy simplifies 
programming and follow-up for 
you by eliminating guesswork 
regarding pacing rate, proper 
energy safety margins and 
elective replacement status. 


IPS SO RELIABLE 


MICROLITH-P technology 
enhances reliability in ways that 
are important to you — phantom 
programming protection, 
immediate program verification, 
runaway protection, and other 
state-of-the-art features which 


keep MICROLITH-P the leader in 


programmable pacing. 


SOPHISTICATION OF 
DESIGN FOR SIMPLICIT 
OF PACING 

For further details on how 
MICROLITH-P simplifies pacing 
to provide optimum patient care 


contact your CPI representative 
or call Toll-Free (800) 328-9588. 


INVOLVED IN MANKIND 


Cardiac Pacemakers, Inc 
4100 North Hamline Avenue 
St. Paul, Minnesota 55164. U S 


lelephone: (612) 631-3000 
Cable: Cardiapace, St. Paul 
lelex 29-7049 


c) 1978 Cardiac Pacemakers. Inc 





Date: 10/19/68 Date: 3/14/78 
Clinical Comments: Normal sinus rhythm 


Rx: Continue on Quinaglute 1 tab ql2h 


Clinical Comments: Multiple pre- 
mature ventricular contractions 
Rx: Quinaglute 1 tab gl2h 





‘Goats e»! ud 
For nine and a half years 
(quinidine gluconate) 


has kept the pace for Mary L: 


“Based on actual case history (photos posed by professional model) 





Time-proven 


Quinaglute 


quinidine gluc 


Onate 


DURATABS" 


324 mg 


keeps the pace for patients 
with cardiac arrhythmias 


For Mary L. and hundreds of thousands of cardiac 
patients, QUINAGLUTE® Dura-Tabs® have helped 
maintain the pace of normal sinus rhythm over 
long-term therapy. In the 19 years since its intro- 
duction, QUINAGLUTE has amassed an impressive 
clinical record of therapeutic efficacy, safety and 
patient acceptance. 


Classic antiarrhythmic therapy — 
Time-proven for efficacy 

» in the management of PAC, PVC and atrial 
fibrillation 


Time-proven for reliability 

e in maintaining quinidine plasma levels for 
8 to 12 hours 

e in providing sustained control without peaks and 
valleys in plasma levels 


Time-proven for safety 
e low incidence of G.I. irritation 
* 19 years of patient and physician acceptance 


Time-proven for patient compliance 
e convenient dosage schedule that's easy to 
remember: | to 2 Dura-Tabs® every 8 or 12 hours 
e h.s. dose helps avoid early morning reversion 


Contraindications: Aberrant impulses and abnormal rhythms 
due to escape mechanisms should not be treated with quini- 
dine. 

Partial A-V or complete heart block, or intraventricular con- 
duction defects, especially those exhibiting a marked grade of 
QRS widening. Renal disease resulting in significant azotemia, 
or those developing cardiotoxic effects such as conduction de- 
fects, ventricular premature beats, ventricular tachycardia or 
flutter while on the drug. 

Marked cardiac enlargement, particularly with congestive 
failure, poor renal function, and especially renal tubular aci- 
dosis. Idiosyncrasy or hypersensitivity to quinidine. 


Warnings: In the treatment of atrial flutter, reversion to sinus 
rhythm may be preceded by a progressive reduction in the de- 
gree of A-V block to a 1:1 ratio resulting in an extremely rapid 
ventricular rate. 


Precautions: The precautions to be observed include all those 
applicable to quinidine. A preliminary test dose of a single tablet 
of quinidine sulfate should be administered to determine if the 
patient has an idiosyncrasy to quinidine. Hypersensitivity to 
quinidine, although rare, should constantly be considered, 
especially during the first weeks of therapy. 

Quinidine in large doses may reduce the contractile force of 
the heart, therefore, extreme caution should be exercised in 
using the drug in patients with severe heart disease, hypoten- 
sion or digitalis intoxication. 

It should be administered cautiously, if at all, to senile pa- 
tients. Hospitalization for close clinical observations, electro- 
cardiographic monitoring, and possibly plasma quinidine 
levels, is indicated when large doses are used, or with patients 
who present an increased risk. 


Adverse reactions: Cinchonism, tinnitus, decreased auditory 
acuity, vertigo, headache, blurred vision, color perception dis- 
turbances, photophobia, diplopia, night blindness, scotomata, 
reduced visual fields, mydriasis, hypotension, respiratory dis- 
tress, and gastrointestinal disturbances. 101-71 


Goper 


Laboratories, Inc. 


Wayne, New Jersey 07470 


For full information please refer to package insert. 





the endoc 


electrode 
anew twi; 


— Noone has to tell you what a problem conventior 

Primarily because in most electrodes, dislocation 

To answer the problem, Vitatron has con 
Deceptively simple by design, and yet effective. 

Helifix.* 

Helifix, with its helically coiled tip, now : 
the trabeculae with only 2-3 clockwise turns. 

The result is a secure, yet relatively atrau 

And should repositioning become neces: 
simple untwisting action. 

For quick mobilization of your patients v 
to other parts of the ventricle than the apex, Helif, 

We'd like you to learn more about Helifpb 
at: Vitatron Medical, Inc., One Gateway Center. 
Medical B.V., P.O. Box 76, 6950 AB Dieren, T 


Platinum-iridium (90% - 10%) 


Piatinum-iridium (9096 - 1095) | Silicone rubber Elgiloy wii 














*Patent No. 4,026,303 
© 1978 Vitatron Medical, Inc. 


Ww Vitatron Medical 
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redisposing factors in septic shock include: 
'* abscess » surgery ¢ indwelling or IV catheters 
!post-instrumentation * tracheostomy aspiration 
'* postpartum eœ mechanical ventilation * trauma 
"The role of catecholamines 

Intropin® (dopamine HCl)— considered the best-tolerated of 
the inotropic agents when volume expansion alone is insufficient 
to alleviate shock! — increases myocardial contractility, selectively 
redistributes perfusion to essential viscera and allows a pharmacologic 


titration of effect.^ Thus, Intropin functions as an inotropic diuretic? 
and is a logical first-choice catecholamine for treatment of shock.? 


When signs of early shock are detected, Intropin should be considered as an essential 
part of a total program to restore adequate perfusion: 


* provision of adequate blood volume to normalize cell metabolism 
e treatment of the specific cause of infection 

* correction of acid/base imbalance 

* redirection of perfusion to vital organs 


When volume expansion does not produce adequate patient response, Intropin produces more 
favorable overall results than either norepinephrine or isoproterenol...and its specific renal 
and mesenteric artery vasodilating properties make it the most applicable agent in septic 
shock, if arterial pressure can be maintained.‘ 


References: 1. Gunnar, R.M., Symposium, Use of dopamine in shock, University of Southern California, Hollywood Presbyterian Medical Center, 
Los Angeles, May 18, 1976. 2. Reid, P.R. and Thompson, W.L., Johns Hopkins Med. J., 137:276-279, 1975. 3. Rosenblum, R., Am. Heart J., 
87:527-530, April 1974. 4. Winslow, E.J., Loeb, H.S., Rahimtoola, M.B., Kamath. S. and Gunnar, R.M., Am. J. Med., 54:421-430, April 1973. 
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A unique response to the clinical challenge of septic shock 
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INTROPIN' (dopamine HCI) 
5 ml AMPUL/FOR IV INJECTION 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 


DESCRIPTION: INTROPIN (dopamine HCl) is 3, 4-dihydroxyphenethylamine hydrochloride, a 
naturally-occurring biochemical catecholamine precursor of norepinephrine. It is a white, 
odorless, crystalline powder, freely soluble in water and soluble in alcohol; sensitive to light, 
alkalis, iron salts and oxidizing agents. Each ml of sterile, non-pyrogenic INTROPIN Injection 
contains 40 mg of dopamine hydrochloride (equivalent to 32.3 mg of dopamine base) in Water 
for Injection, USP, containing 1% sodium bisulfite as a preservative. — 

INDICATIONS: For the correction of hemodynamic imbalances present in the shock syndrome 
due to myocardial infarctions, trauma, endotoxic septicemia, open heart surgery, renal failure, 
and chronic cardiac decompensation as in congestive failure. 


Poor Pertusion of Vital Organs — Urine flow appears to be one of the better diagnostic signs 
by which adequacy of vital organ perfusion can be monitored. The physician should also 
observe the patient for signs of reversal of confusion or comatose condition. Loss of pallor. 
increase in toe temperature and/or adequacy of nail bed capillary filling may also be used 
as indices of adequate dosage. Note that at doses above those optimal for the individual 
patient, urine flow may decrease, necessitating reduction of dosage. Concurrent administra- 
tion of INTROPIN and diuretic agents may produce a potentiating effect. 

Low Cardiac Output — Increased cardiac output is related to the direct inotropic effect of 
INTROPIN on the myocardium. Increased cardiac output at low or moderate doses has been 
associated with either static or decreasec systemic vascular resistance (SVR) and appears 
to be related to a favorable prognosis. increase in cardiac output produced by INTROPIN 
is not associated with substantial decreases in SVR as may occur with isoproterenol. 
Hypotension — Hypotension due to inadequate cardiac output can be managed by administra- 
tion of low to moderate doses of INTROPIN which have little effect on SVR. At high 
therapeutic doses, the drug's alpha adremergic activity becomes more prominent and thus 
may correct hypotension due to diminished SVR. Administration should be considered as 
soon as a definite trend toward decreasec systolic and diastolic pressure becomes evident 
CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma. 
WARNINGS: INTROPIN should not be administered in the presence of uncorrected tachy- 
arrhythmias or ventricular fibrillation. INTROPIN should not be added to any alkaline diluent 
solution since the drug is inactivated in alkaline solutions. Patients who have been treated 
with monamine oxidase (MAO) inhibitors prior to the administration of INTROPIN will require 
- substantially reduced dosage (1/10 the usual starting dose): 

Usage in Pregnancy — INTROPIN may be used in pregnant patients when, in the judgment 
of the physician, the expected benefits outweigh the potential risk to the fetus. 

Usage in Children — The safety and efficacy of INTROPIN for pediatric use has not been 
established. ` 

PRECAUTIONS: Avoid Hypovolemia — Prior to treatment with INTROPIN, hypovolemia should 
be fully corrected, if possible, with either whole blood or plasma as indicated. 


. Decreased Pulse Pressure — lf a disproportionate rise in the diastolic pressure (i.e. a marked 
-decrease in the pulse pressure) is observed in patients receiving INTROPIN, the infusion rate 
should be decreased and the patient observed carefully for further evidence of predominant 
vasoconstrictor activity, unless such an effect is desired. 


Extravasation — INTROPIN should be infused into a large vein whenever possible to prevent 
the possibility of extravasation into tissue adjacent to the infusion site which may cause 
necrosis and sloughing of surrounding tissue. Large veins of the antecubital fossa are 
preferred to veins in the dorsum of the hand or ankle. 


Occlusive Vascular Disease —Patients with a history of occlusive vascular disease (tor 


example, atherosclerosis, arterial embolism Raynaud's disease, cold injury, diabetic 
endarteritis, and Buergers disease) should be closely monitored for any changes in color 
or temperature of the skin in the extremities. 


IMPORTANT —Antidote for Peripheral Ischemia: To prevent sloughing and necrosis 
in ischemic areas, the area should be infiltrated as soon as possible with 1 0 to 15 ml 
of saline solution containing from 5 to 10 mg of Regitine* (brand of phentolamine), 
an adrenergic blocking agent. A syringe with a fine hypodermic needle should be 
used, and the solution liberally infiltrated throughout the ischemic area. Sympathetic 
blockade with phentolamine causes immediate and conspicuous local hyperemic 
changes if the area is infiltrated within 12 hours. Therefore, phentolamine should 
be given as soon as possible after the extravasation is noted. 


Avoid Cyclopropane or Halogenated Hydrocarbon Anesthetics — Because of the theoretical 
arrhythmogenic potential of these agents and the known increase in cardiac autonomic 
irritability which may sensitize the myocardium, INTROPIN should be used with EXTREME 
CAUTION in patients inhaling such anesthetics. 

Careful Monitoring Required— As in the case of any adrenergic agent. infusion of 
INTROPIN should be accompanied by close monitoring of urine flow, cardiac output and 
blood pressure. | 

ADVERSE REACTIONS: The most frequent include ectopic beats, nausea, vomiting, tachy- 
cardia, anginal pain, palpitation, dyspnea, headache, hypotension, and vasoconstriction. 
Others reported infrequently are aberrant conduction, bradycardia, piloerection, widened QRS 
complex. azotemia, and elevated blood pressure 

WARNING: This is a potent drug — must be diluted before administration to patient. 


'OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood pressure 
elevation. reduce rate of administration or temporarily discontinue INTROPIN until patient's 
condition stabilizes. Since the drug's duration of action is quite short, no additional remedial 
measures are usually necessary. If these measures fail to stabilize the patient's condition, 
use of the short-acting alpha adrenergic blocking agent, phentolamine, should be considered 


CAUTION: Federal law prohibits dispensing without a prescription. Full directions for use 
should be read before administering or prescribing. September, 1978 
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Two new Lithium Pulse Generators 
from Siemens-Elema, 

the people who pioneered with the 

first implanted pacemaker in 1958. 


Dr. Rune Elmqvist of Siemens-Elema and Dr. Ake Senning developed the pulse generator implanted by Dr. Senning in 1958 for the world's first pacemaker implantation. 





The small, lightweight, The unique Vario" non-invasive 
anatomically contoured, threshold measurement system 
ventricular inhibited 208. in the ventricular inhibited 629. 
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e Small (36 cm?) and e Magnet placed over implanted 
lightweight (76 g.). generator initiates test sequence: 

e Soft, convex-concave design. Varia Lona (riea arr 

® Hermetically sealed threshold determination. 
titanium encapsulation. e Compatible pin-type leads. 

e Highly reliable hybrid circuitry. e Hermetically sealed 

e Lithium-lodine power source. titanium encapsulation. 

e Two separate battery e Lithium-lodine power source. 4 
depletion indicators. e Two separate battery 2 

e Tangential lead connection. depletion indicators. NE 





WRITE U.S. Pacemaker Division, Elema-Schonander, Inc. WRITE 
FOR 208 Box 128, Elk Grove Village, Illinois 60007; (312) 640-6460. FOR 629 
BROCHURE World Headquarters, Pacemaker Division. $17195, Solna, Sweden BROCHURE 
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GE's new L/U system | 
gives you compact design 
and motorized positioning. 


Here's a new vascular system that provides the 7 
full range of imaging positions for cardiac, neuro, rl 
abdominal and peripheral angiography without patient 
rotation or movement. It requires one-third less floor * 
space than a conventional system... and costs less too. 


Its the new L/U system from General Electric. 


23 
Either motorized or manual positioning can be d 
used to rapidly obtain AP, PA, lateral, oblique or B 


| : i 
Space-saving design of the new GE system COMPOUNGIMIONE: 5 


(above) is compared to a conventional unit (below). The unique stand allows universal positioning of the 1 
tube and intensifier anywhere in the transverse, vertical Ae 


and longitudinal axes. The table provides triaxial | 
movement plus rotary positioning to cover the entire 1 
anatomical range. And the low absorption carbon fiber — à 
reinforced top facilitates high contrast studies. " 


60° Cranial 


You'll also get the proven performance of the | | 
Fluoricon® 300 intensifier. With 9" triple field capability. | 
And superior 14.5 megahertz bandwidth video imaging — 
with high mA cine and photospot recording. 5 
Resolution, contrast ratios and quantum detection j 
efficiency are optimized for vascular procedures. 


Ask your GE representative about the new L/U 
system. It gives you all the angles and all the room 
you'll ever need. 


General Electric Medical Systems, 
Milwaukee, Toronto, Madrid. 





You'd expect it from GE. © 
GENERAL GB ELECTRIC — — 
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DIRECTOR, DIVISION OF HEAR™ 
AND VASCULAR DISEASES 


The National Heart, Lung, and Blood Institute, 
National Institutes of Health, Public Health Service, 
Department of Health, Education and Welfare, 
Bethesda, Maryland, is recruiting for the Director 
of the Division of Heart and Vascular Diseases, 
National Heart, Lung, and Blood Institute. This 
position involves the planning, direction and 
management of research grant and contract pro- 
grams and training programs in cardiovascular 
diseases. The Division’s programs include basic and 
applied research in atherosclerosis, hypertension, 
coronary heart disease and other cardiovascular 
diseases. It conducts clinical trials, technological 
development, and is engaged in education and 
demonstration programs. This position requires 
substantial experience in cardiovascular research 
and scientific administration and the individual 
should have stature in the field. A Medical Doc- 
torate degree is required. This position also requires 
demonstrated managerial experience and demon- 
strated ability to communicate with individuals at 
all organizational levels and with varying educa- 


tional experience. Currently, the position is at t 
salary of $47,500 per annum. This position may 
eligible for the recently enacted legislation p 
vidins bonus payments to Federal physicians. T 
[nstitute has also requested that the position 
within the recently-enacted Senior Executive 5 
vice, and if this is approved, the potential wot 
exist for certain performance bonuses. The posit: 
is also available under the Commissioned Corps 
the Public Health Service. 


Applicants should contact Dr. Jerome G. Gre 
Chairman, Search Committee, National He: 
Lung, and Blood Institute by calling (301) 496-7: 
or mailing a complete curriculum vitae (includ 
bibliography] to Dr. Jerome G. Green, Direc! 
Division of Extramural Affairs, National Hei 
Lung, and Blood Institute, Westwood Buildi 
Room 7A17B, National Institutes of Health, | 
thesda, Maryland 20014, by April 1, 1979. A p 
posed position description is available upon requ 
An equal opportunity employer. 


TORRE NATIONAL INSTITUTES OF HEALTH 





a third for travel 


one bottle for the office 


a second at home a fourth for pocket or purse 


More than 700 million tablets of 


sold during the past five years 
“Lye 
Z 


I A Sublingu 


(nitroglycerin tablets, USP) =- 








The Remarkable 3038/2 ECG: 
Which way do you see it’? 


When an ECG packs multiple-use 
flexibility like our 3-channel Model 
3038/2, there’s no one way to define 
the diagnostic job it can do. It all de- 
pends on — your budget, the options 
you choose, the way you see your 
needs. 


The Workhorse ECG 

So when it’s used as a mobile, stand- 
alone 3-channel ECG, you may see it 
as the state-of-the-art workhorse 

for day-in, day-out use. Many people 
do. The physician, for example, sees 
itin terms of unmatched recording 


fidelity with superior technical specs. 


The technician — in terms of com- 
pactness, maneuverability and easy 
drop-in paper loading. And the ad- 
ministrator, as the optimum blend of 
economy and easy serviceability. 


The Stress Test ECG 

Or perhaps you see it as a way to 
eliminate the costly duplication of 

a dedicated stress test system. For 
unmatched flexibility, you can team 
it with your choice of two types of 
monitors, three different treadmills 
and either manual treadmill controls 
or automatic test control. When the 
full modular system’s not in use, just 


disconnect the 3038/2 for stand-alone 


ECG use and get the best of both 
worlds. 


The Expandable ECG 

On the other hand, you may si 
want room to grow. You might 
the Heart-sound/Pulse-wave u 
installed to simultaneously rec 
phono, pulse and ECG data. O 
might want the computer pho 
terminal to give you an instant 
to computerized diagnosis. Eit 
way, it’s your option. To see hc 
3038/2 suits your needs best, 
or call: Cambridge Instrument 
Company, Inc., 73 Spring Streg 
Ossining, NY 10562. (914) 941- 


Cambridge 
instrument 
Company, Inc. 


first in electrocardiograph 
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eginning his study of 
medicine at the age 

of 14, Dr. Laennec completed 
is education during the 
multuous days and 
aftermath of the French 
Revolution. Toward the end 
of his brief, brilliant career, 
in which he brought a new 
sense of order and discipline 
to the profession, Dr. Laennec 
brought about another 
revolution, no less dramatic 
for its absence of violence. 
His invention of the 
stethoscope and discovery of 
the principles of auscultation 
remain today landmarks 

in the development of 
knowledge of the human 
heart and chest. 





Of Special Interest 
to Cardiologists 


Trademar] 


DYAZIDE 


Each capsule contains 50 mg. of Dyrenium® 
(brand of triamterene) and 25 mg. of hvdrochlorothiazide. 





In Cardiac Edema — Limits Potassium Loss 

During diuretic therapy for edema associated with c 
gestive heart failure, conservation of vital potassium sto 
so important in the patient receiving concomitant digit: 
is a basic action of the ‘Dyrenium’ component in ‘Dyazii 

Less critical, but important in fosteriyfg patient com] 
with maintenance therapy, patients Wftated with 'Dyazi 
seldom develop hypokalemia, oftén a factor in patients' 
decisions to abandon maintenance therapy because of m 
cramps, fatigue, and malaise. 


Avoids Development of Tolerance 


As the hydrochlorothiazide in 'Dyazide' exerts its di 
effect, ‘Dyrenium’ not only enhances fluid output, it blo 
distal reabsorptive mechanisms stimulated by compens; 
elevation of aldosterone. Even during extended mainten 
therapy, drug tolerance is avoided. 


Serum K* and BUN should be checked periodically. 
(See warnings.] 


‘Dyazide’ can cause hyperkalemia, though it is rare i 
patients with normal renal function. Serum Kt and BU} 
should be checked periodically, particularly in elderly, c 
betics, and those with suspected or confirmed renal insu 
ciency. Potassium supplements should not be used unle: 
hypokalemia develops or dietary K* intake is markedly 
impaired. Not for initial therapy (see box warning). 


See next page for brief summary of prescribing information. 


SKSSF CO. 
Carolina, P.R. 


SK&F Salutes 





A Pioneer in Cardiology 





.. RENÉ THÉOPHILE HYACINTHE LAENNEC 


(1781-1826) 


E Inventor of the Stethoscope 


. Before prescribing, see complete 

_ prescribing information in SK&F Co. 
literature or PDR. A brief summary 
follows: 


WARNING 
_ | This drug is not indicated for 
— | . initial therapy of edema or hyper- 
i tension. Edemar hypekension 
| requires therapy titrated e 
| individual. If this combination 
represents the dosage so deter- 


mined, its use may be more con- 
venient in patient management. 
Treatment of hypertension and 
edema is not static, but must be 
reevaluated as conditions in each 
patient warrant. 


_ Contraindications: Further use in 

- anuria, progressive renal or hepatic 

— dysfunction, hyperkalemia. Pre- 

. existing elevated serum potassium. 

_ Hypersensitivity to either component 
- orother sulfonamide-derived drugs. 


_ Warnings: Do not use potassium 

. supplements, dietary or otherwise, 

. unless hypokalemia develops or 

. dietary intake of potassium is mark- 

. edly impaired. If supplementary 

. potassium is needed, potassium tablets 

— should not be used. Hyperkalemia 

- can occur, and has been associated 

- with cardiac irregularities. It is more 

— likely in the severely ill, with urine 

. volume less than one liter/day, the 
elderly and diabetics with suspected 
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YAZIDE 


Each capsule contains 50 mg. of Dyrenium® 


(brand of triamterene) and 25 mg. of hydrochlorothiazide. 
Potassium-Sparing Diuretic* 


or confirmed renal insufficiency. 
Periodically, serum K+ levels should 
be determined. If hyperkalemia 
develops, substitute a thiazide alone, 
restrict K+ intake. Associated widened 
QRS complex or arrhythmia requires 
prompt additional therapy. Thiazides 
cross the placental barrier and appear 
in cord blood. Use in pregnancy 
requires weighing anticipated benefits 
against possible hazards, including 
fetal or neonatal jaundice, thrombo- 
cytopenia, other adverse reactions 
seen in adults. Thiazides appear and 
triamterene may appear in breast - 
milk. If their use is essential, the 
patient should stop nursing. Adequate 
information on use in children is 

not available. 


Precautions: Do periodic serum 
electrolyte determinations (particu- 
larly important in patients vomiting 
excessively or receiving parenteral 
fluids). Periodic BUN and serum 
creatinine determinations should be 
made, especially in the elderly, 
diabetics or those with suspected or 
confirmed renal insufficiency. Watch 
for signs of impending coma in severe 
liver disease. If spironolactone is used 
concomitantly, determine serum Kt 
frequently; both can cause K* reten- 
tion and elevated serum K+ . Two 
deaths have been reported with such 
concomitant therapy (in one, recom- 
mended dosage was exceeded, in the 
other serum electrolytes were not 
properly monitored). Observe 


regularly for possible blood dyscrasias, 
liver damage, other idiosyncratic 
reactions. Blood dyscrasias have been 
reported in patients receiving triam- 
terene, and leukopenia, thrombo- 
cytopenia, agranulocytosis, and 
aplastic anemia have been reported 
with thiazides. Triamterene is a weak 
folic acid antagonist. Do periodic 
blood studies in cirrhotics with 
splenomegaly. Antihypertensive effect 
may be enhanced in post-sympathec- 
tomy patients. Use cautiously in 
surgical patients. The following may 
occur: transient elevated BUN or 
creatinine or both, hyperglycemia and 
glycosuria (diabetic insulin require- 
ments may be altered), hyperuricemia 
and gout, digitalis intoxication (in 
hypokalemia), decreasing alkali 
reserve with possible metabolic 
acidosis. ‘Dyazide’ interferes 

with fluorescent measurement of 
quinidine. 

Adverse Reactions: Muscle cramps, 
weakness, dizziness, headache, dry 
mouth; anaphylaxis, rash, urticaria, 
photosensitivity, purpura, other 
dermatological conditions; nausea 
and vomiting, diarrhea, constipation, 
other gastrointestinal disturbances. 
Necrotizing vasculitis, paresthesias, 
icterus, pancreatitis, xanthopsia and, 
rarely, allergic pneumonitis have 
occurred with thiazides alone. 
Supplied: Bottles of 100 and 1000 
capsules; Single Unit Packages of 100 
(intended for institutional use only). 


SKS&F CO.. 


a Smithikline company 
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CARDIAC VALVE PROSTHESES 


By EDWARD A. LEFRAK, M.D., 
Director, Cardiac Surgery, Fairfax 
Hospital, Falls Church, Va. and 
ALBERT STARR, M.D., Professor of 
Surgery, Chief of the Division of 
Cardiopulmonary Surgery, University of 
Oregon Medical School 


The latest clinical information on prosthetic heart 
valves, particularly as it relates to the daily management 
of patients. Discussions detail the risks and benefits of 
valve prosthesis with regard to patient age, functional 
class, cardiac size, and survival, with additional 
coverage on the history and engineering of valves. In all, 
a timely text for internists seeking background as well as 
technical information, and for general practitioners, 
cardiologists, and surgeons who require an authoritative 
overall reference. 

1979 448 pages (approx) Illustrated A1049-4 $22.50 


SECOND HENRY FORD 
HOSPITAL INTERNATIONAL 
SYMPOSIUM ON CARDIAC 
SURGERY 


Edited by JULIO C. DAVILA, M.D., 
Surgeon in Charge of Thoracic and 
Cardiac Surgery, Henry Ford Hospital 
and Clinical Professor of Surgery, 
University of Michigan Medical School 


“A fresh source of a vast amount of information, beautifully 
produced, easy to read, and literally encyclopedic because one 
can always refer to it and find an answer to a problem relating 
to cardiac surgery." — The British Journal of Medicine 


The knowledge and experiences of three generations of 
eminent cardiologists and cardiac surgeons highlighted 
this unique symposium. Early discussions relate back to 
the struggles, adversities, and successes of the 1950s and 
1960s that did so much to make cardiac surgery a 
reality. The rest of the book's extraordinary 111 sections 
deal with virtually every aspect of the current state of the 
art. As there may never again be an opportunity for all of 
these authorities to meet simultaneously, the particular 
insights and candor of its proceedings are well worth 
having for reference and general reading purposes. 


i : 732 pages Illustrated A8526-4 $65.50 
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Maximize your insight. 
| Read ACC on coronary care. 





NONINVASIVE APPROACHES TO 
CARDIOVASCULAR DIAGNOSIS 


Edited by ALFRED F. PARISI, M.D. 
and DONALD E. TOW, M.D., both at 
the USVA Hospital, West Roxbury, 
Massachusetts and Harvard Medical 
School 


A problem-solving approach to diagnosis encompassing 
several current techniques. Chapters are arranged by 
disease, discussing the relative merits and limitations 
of applying specific techniques to each of them. 

Covers coronary heart disease, valvular heart disease, 
congenital cardiac abnormalities, and pericardial 
problems. Over 100 illustrations highlight the text, 
including reproductions of echocardiographs, 
phonocardiographs, radionuclides, ECCs from exercise 
tests, and systolic interval measurements. Requires no 
prior knowledge of noninvasive testing to use this guide 


successfully —everything is explaiff&t ifrsmaple ^^ 
physical and physiologic term 


1978 241 pages Illustrated A6953-2 paper $12.95 


See the book(s) of your choice 
FREE FOR 30 DAYS. 
Use this form to order. 


them for up to 30 days free. If not completely satisfied, I 
understand I may return any of them for a cancellation of the 
accompanying invoice. 


[] CARDIAC VALVE PROSTHESES, A1049-4, $22.50 | 
[] SECOND HENRY FORD HOSPITAL i 


Send me the books indicated below so that I may examine i 


INTERNATIONAL SYMPOSIUM ON CARDIAC 
SURGERY, A8526-4, $65.50 

[] NONINVASIVE APPROACHES TO 
CARDIOVASCULAR DIAGNOSIS, A6953-2, $12.95 


Name 








Affiliation Tf m e 





Address . 





| 
i 
| 
Clty). DU. is cZpo uu T LC j 
Note: For orders outside the USA and Canada, please contact l 
PRENTICE-HALL INTERNATIONAL, Englewood Cliffs, New j 
Jersey USA 07632 
Send to: i 
SAL APPLETON-CENTURY-CROFTS | 
"IW Medical/Nursing Publishers j 
Department AJC/379 i 
A 292 Madison Avenue i 
New York, New York 10017 i 


Prices subject to change without notice. AJC/379 
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the truth is out 
in the open 


ATL offers on-line real-time 
hardcopy images with M-mode 
for echocardiography. 











Made possible by unique digital electronics. Making our gern nda 
diagnostic system, not a stack of electronic boxes. Unlike analog processing, 
the ATL Digital Scan Converter captures the signal, however weak, and stores 
it into memory. Once secured, its accurate reproduction in standard video 
format is continuously assured. Thus digitized, its wide range of grey scale 
display offers greater diagnostic utility. 

You get line and flicker free images of the moving heart. capturable in 
freeze-frame, adjacent to a sharp black on white M-mode. Same intracardiac 
Structure. Printed on the same paper. The payoff is a logical integration of 
the two modes, easy to read hardcopy, easy to handle, for a clear interpretation 
and report. 

Doctor and system interact. Segments of the study may be dealt with and | 
| E perfected without disturbing the whole. Adequate data is obtainable during the first 4 
patient examination, saving valuable time. Serial studies are assured consistent data. | 
Graphics or alphanumerics can be super-imposed. Unique with the Mark Ill, voice can be recorded 
during freeze-frame. The study may be taken off line for display or computer processing. 
The ultimate payoff is tomorrow. Digital is the future. Because, with digital, growth is 
from within. State-of-the-need today, the system will grow with your needs 
an technology. It's what the world is coming to. And, more and 
rmore, the world is coming to ATL for advanced instrumentation. a 
- Advanced Technology Laboratories. 13208 Northup Way, Bellevue, 
‘WA. 98005 (206) 641-5410. ultrasound 
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lidocaine levels 


Studies in normal volunteers and myo- 
cardial infarct patients have demon- 
strated that lidocaine clearance 
from the blood is directly affected by 


alterations in hepatic blood flow as 


measured by Cardio-Green? (CG®), 
Sterile Indocyanine Green, USP, 
clearance. Since liver impairment is 
often coexistent with congestive heart 


failure, hepatic elimination of lido- 
caine can vary widely. creating blood > 


lidocaine concentrations that are in- 


MA 
= 


DESCRIPTION. Cardio-Green (CG). Sterile Indocyanine Green, USP, is 
water soluble tricarbocyanme dye with a peak spectral absorption at 800- 
810 nm in blood or blood plasma 


LIVER FUNCTION AND HEPATIC BLOOD FLOW. Tae ability o! the liver to 
clear CG from the circulation provides an accurate index to liver function 
and hepatic blood flow. The handling of Indocya^ine Green by the liver 
has been comprehensively reviewed by Paumgartner! 

Following intravenous injection, CG is rapidly bound to plasma protein, 
of which albumin is the principal carrier (95%) Clearance has been 
reported to be significantly faster in normal women than in normal men 

CG undergoes no significant extrahepatic or enterohepatic circula- 
tion; simultaneous arterial and venous blood estimations have shown 
negligible renal, peripheral, lung or cerebrospinal uptake of the dye CG 
is taken up from the plasma almost exclusively by the hepatic arenchymal 
cells and is secreted entirely into the bile. Concentrations of Cardio-Green 


adequate, or toxic, depending on he- 
patic function. 


To determine these levels quickly, a 
new application for Cardio-Green has 
been developed. With this procedure, 
a dichromatic ear densitometer may 
be used to measure the rate of Cardio- 


* 
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Green elimination, thereby allowing 


investigators to predict blood lido- 
caine concentrations. Dosage adjust- 


. Teer 
Leon > 


i! 128361 - 2€ . 


H R 
Cardio-Green 
Sterile indocyanine Green, USP) 
Mer reconstitution, use within 10 hours 
Caution: Federal Law prohibits 
203 dispensing without a prescription 


3/82 


"nson, Westcott & Dunning, Inc. 
Baltimore, Maryland 2120! 
“Stary of Becton. Dickinson and Como 


Vials 


can be monitored by ear densitometry or by obtaining blood specimens at 
timed intervals. The technique for both methods is described in the in- 
structions which accompany the product. Ear oximetry is performed with- 
out the necessity of withdrawal and spectrophotometric analysis of blood 
samples for calibration 
CONTRAINDICATIONS. The safe use o! Cardio-Green (CG), Sterile Indo- 
cyanine Green, USP, during pregnancy has not been established 
PRECAUTIONS. CG contains a small amount of sodium iodide and should 
be used with caution in patients who have a history of allergy to iodides* 
Radioactive iodine uptake studies should not be performed for at least a 
week following the use of CG? 

paepaya ctic or urticarial reactions have also been reparted in patients 
without history of allergy to iodides*. If such reactions occur, treatment 
with the appropriate agents, e.g. epinephrine, antihistamines, and corti- 
costeroids should be administered 

After reconstitution with Aqueous Solvent, Cardio-Green is unstable 


Cardw-Green. CG and BP are trademarks of Hynson, Westcott & Dunning, Inc. 


in just minutes. 


plasma lidocaine within the accept 
therapeutic range. | 


A suggested clinical protocol usi 
Cardio-Green for the determinati 
of lidocaine dosage in preveng 
post-myocardial infarction ven 
lar fibrillation is available on req 
Write: Hynson, Westcott & 
Dunning, Inc., Chase 

and Charles Streets, “ 


ment can be directed toward keeping Baltimore, MD 21201. 
á : We. =F E ` EE : ` ! 


Dosage: 0.5 mg/kg of body weight 
40 mg and 50 mg with Aqueous Solvent 


in aqueous solution and must be used within 10 hours However, t 
is Stable in plasma and whole blood so that samples obtained in d 
tinuous sampling techniques may be read hours later CG spec 
should be read at same temperature since the optical density is influ 
by temperature variations 
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|^ SMALLEST BAD 7 


SEE OUR 24 HOUR CARDIORECORDER 
* SIZE * COST * WEIGHT * 





CHECK US OUT AT THE 
AMERICAN COLLEGE OF CARDIOLOGY 
SCIENTIFIC SESSION 


MARCH 11 - 15, MIAMI, FLORIDA 





UNIVERSAL MEDICAL INDUSTRIES, INC. 
P.O. Box 1167 e Boca Raton, Florida 33432 
305 392-5577 


COOK COUNTY 
GRADUATE SCHOOL OF MEDICINE 
announces 


SPECIALTY REVIEW COURSE 


IN 


PEDIATRIC CARDIOLOGY 
May 23-25, 1979 


For further information and registration please write or call. 


707 South Wood Street * Chicago, Illinois 60612 
(312) 733-2800 
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Left ventricular hypertrophy, pericardial Normal 


effusion. 








Normal 





Small pericardial effusion, long axis view. Pericardial effusion, short axis view. Tricuspid valve vegetation. 
Our patented method of Dynamic the entire adult heart—parasternal M-mode tracings from recorded 
Image Reconstruction signifi- short and long axis views as well two dimensional images. 
cantly improves image quality, as apical, subxyphoid and others. , - ; 
data bens and the e of : own also Fir for A-mode and Ultrasound is changing fast. Wit 
making a diagnosis. M-mode examinations. EkoSector I, you'll be ready. 
This unique system delivers What's more, Dynamic Image Thanks to our exclusive sys 
dimensionally correct, high-resolu- Reconstruction lets you preserve tem of Dynamic Image Recon- 
tion wide angle images with none both two-dimensional images and struction, the data ager qs 
of the distortion produced by M-mode on video cassettes. On display capability of EkoSector 
conventional methods. playback, you can get a hard copy is virtually obsolescence-free. 
As a result, you can more ac- of both, you can reformat the [mages recorded with the- 
curately visualize cross-sections of image ànd you can reconstruct Dynamic Image Reconstruction 






x 
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itral valve prolapse. Apex Four Chamber Views 


Rericardial effusion. 


yi 
|© ventricular hypertrophy pericardial 
! sion, short axis. 





Parasternal Views 


E. 
| hnique ue re-analyzed and SmithKline Instruments, Inc. SmithKline Instrument Co. Ltd. 
| PE io entrat 880 West Maude Avenue Welwyn Garden City 
$a sane . Sunnyvale, California 94086 Hertfordshire, England 
. v diagnostic criteria. This 
. Toll free: 800-538-1556 Tel; Welwyn Garden 25111 
l ans that your EkoSector I will California callicoll Telex: 851-261-1347 
tinue to be an up-to-date ultra- 408 5 30.5000 PONES SHE mo gs ! 
mad pe beac viene ^q SmithKline Instruments 
wind out today how easily an : i -i 
' | aomically you can. have all the SmithKline Instruments P.O. Box 89 
£^ antages of the EkoSector I 300 Laurentien Boulevard Brookvale, N.S.W. 2100, Australia 
^ e Angle Ultrasound System. St. Laurent, Quebec, Canada. Tel: 415-5211 
! | or write: Tel: 514-747-6565 Telex: 790-20092 
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For ventricular arrhythmias. 
For atrial arrhythmias. 


For smooth, trouble-free conversion. 


For steady maintenance. 


o Greater GI tolerance 
than with quinidine sulfate 
o Full quinidine cardiodynamics 
L1 Convenient b.i.d. or t.i.d. dosage 
for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
— whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate 
Salt. of quinidine is required for maintenance in most Cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and permits dependable 
absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Princi les of Medical 
Practice, ed. 8, Baltimore, Williams and Wilking Co., 1972, p. 458. i 


BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter: paroxysmai atrial fibrillation, 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart. 
block; maintenance therapy after electrical conversion of atrial fibril. 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSIT:ON: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 2 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main 
tenance. An initial dose of 1 to 3 tablete may be used to terminate 
arrhythmias, and raay be repeated in 3-4 hours. If normal sinus rhythm: 
is not restored after 3 or 4 equa! doses, the dose may be increase: 
by V. to 1 tablet (137.5 to 275 mg.) and administered three to four 
times before any turther dosage increase. For maintenance, op” 
tablet may be used two to three times a day; generally one tab’. 

mornirig and night will be adequate. SUPPLIED: Uncoated, scor. . 
tablets in bottles of 100 | 


Purdue Frederick 


€ COPYRIGHT 1978, THE PURDUE FREDERICK COMPANY / NORWALK, CT 06856 C8207 27278 | 


